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(w)  Method  and  apparatus  for  sharing  operators  among  assistance  systems. 
©  An  arrangement  for  serving  an  operator  assistance 
request  detected,  in  a  first  operator  assistance  system  (1) 
from  an  operator  position  in  a  second  operator  assistance 
system  (2).  If  a  first  operator  assistance  system  (1)  is 
overloaded  or  has  no  attended  operator  positions,  the  two 
operator  assistance  systems  cooperate  to  establish  a  con- 
nection  between  the  customer  requesting  operator  assist- 
ance  and  the  operator  position  in  the  second  system  (2).  The 
attending  operator  at  that  operator  position  in  system  (2) 
keys  information  into  the  operator  position  for  transmission 
to  the  first  system  (1).  Responsive  to  this  data,  the  first 

^   system  enters  data,  such  as  billing  data,  into  its  records,  and 
sets  up  connections,  such  as  a  connection  for  a  person-to- 

00  person  call,  in  its  switching  network.  The  arrangement  can 
r-  be  used  to  transfer  operator  assistance  requests  at  night, 
N  during  overload,  or  to  specialized  operators  not  available  at 

the  first  office.  The  arrangement  can  also  be  used  on  a 
^   permanent  basis,  to  transfer  all  operator  assistance  requests, 

when  a  serving  team  of  operators  cannot  be  economically 
^   justified  for  the  first  office. 
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T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  o p e r a t o r   a s s i s t a n c e  

s y s t e m s   f o r   use  in  c o m m u n i c a t i o n   n e t w o r k s   and ,   m o r e  

s p e c i f i c a l l y ,   to  a r r a n g e m e n t s   fo r   s h a r i n g   o p e r a t o r s   a m o n 3  
s e v e r a l   such   o p e r a t o r   a s s i s t a n c e   s y s t e m s .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

B e c a u s e   the   e x p e n s e   of  p r o v i d i n g   o p e r a t o r  

s e r v i c e s   in  c o m m u n i c a t i o n   s y s t e m s   is  h i g h ,   c o n t i n u i n g  

e f f o r t s   a re   b e i n g   made  to  p r o v i d e   such  s e r v i c e s   m o r e  

e f f i c i e n t l y .   M o d e r n   s y s t e m s   use  a  p r o g r a m   c o n t r o l l e d  

p r o c e s s o r   f o r   a u t o m a t i c a l l y   p e r f o r m i n g   many  of  t h e  

f u n c t i o n s   r e q u i r e d   f o r   c u s t o m e r - d i a l e d   o p e r a t o r   a s s i s t a n c e  

c a l l s .   Such  o p e r a t o r   a s s i s t a n c e   s y s t e m s   c o n n e c t   t h e  

o p e r a t o r   w i t h   t h e   c u s t o m e r   o n l y   when  o p e r a t o r   a s s i s t a n c e   i s  

n e e d e d ,   i . e . ,   when  an  o p e r a t o r   a s s i s t a n c e   r e q u e s t   i s  

r e c o g n i z e d   in  t h e   s y s t e m .   At  such   t i m e s ,   an  a t t e n d e d  

( a c t i v e )   o p e r a t o r   p o s i t i o n   is  c o n n e c t e d   to  a  c u s t o m e r ,   o r  

b r i d g e d   to  a  c a l l   c o n n e c t i o n   w h i c h   may  a l r e a d y   be  s e t   u p ,  
and  is  d i s c o n n e c t e d   when  s e r v i c e   of  the   o p e r a t o r   a s s i s t a n c e  

r e q u e s t   has   b e e n   c o m p l e t e d .   The  o p e r a t o r   a s s i s t a n c e   s y s t e m  

a c c u m u l a t e s   i n f o r m a t i o n   c o n c e r n i n g   a  c a l l   and  d i s p l a y s   t h a t  

i n f o r m a t i o n   a t   an  o p e r a t o r   p o s i t i o n .   U s i n g   t h i s  

i n f o r m a t i o n   a b o u t   the   p r e s e n t   s t a t e   of  a  c a l l ,   an  a t t e n d i n g  

o p e r a t o r   c o m m u n i c a t e s   v e r b a l l y   w i t h   the  c u s t o m e r   and  k e y s  

a d d i t i o n a l   c a l l   c o n t r o l   and  c a l l   r e c o r d   d a t a   i n t o   a  

t e r m i n a l   a t   t he   o p e r a t o r   p o s i t i o n .   T n i s   d a t a   is  s e n t   t o  

t h e   c o n t r o l   p r o c e s s o r   of  t h e   o p e r a t o r   a s s i s t a n c e   s y s t e m  

w h i c h   t h e n   c o n t r o l s   a d d i t i o n a l   c a l l   c o n f i g u r a t i o n   c h a n g e  

f u n c t i o n s ,   s u c h   as  c a l l   c o n n e c t i o n   and  d i s c o n n e c t i o n ,   a n d  

r e c o r d s   b i l l i n g   and  o t h e r   d a t a   a b o u t   t he   c a l l .  

M o d e r n   o p e r a t o r   a s s i s t a n c e   s y s t e m s   u s u a l l y   s e r v e  

c a l l s   f rom  o t h e r   end  o f f i c e s   ( t e l e p h o n e   c e n t r a l   o f f i c e s  

c o n n e c t e d   to  c u s t o m e r s ) .   Some  a l s o   s e r v e   c a l l s   f r o m  

c u s t o m e r s   c o n n e c t e d   d i r e c t l y   to  t he   s y s t e m   by  c u s t o m e r  



l i n e s .   I t   is   w e l l   known  in  t he   a r t   t h a t   t h e   c o s t   of  t h e  

t r a n s m i s s i o n   f a c i l i t i e s ,   u s u a l l y   c a l l e d   t r u n k s ,   f o r  

i n t e r c o n n e c t i n g   end  o f f i c e s   and  o p e r a t o r   a s s i s t a n c e   s y s t e m s  

t e n d s   to   be  l o w e r   when  t he   s i z e   of  the   g e o g r a p h i c   a r e a  

s u p p o r t e d   by  one  o p e r a t o r   a s s i s t a n c e   s y s t e m   is   r e l a t i v e l y  

s m a l l   s i n c e   t r a n s m i s s i o n   f a c i l i t y   m i l e a g e   r e q u i r e m e n t s   w i l l  

be  l o w e r ;   t h i s   f a c t o r   t e n d s   to  f a v o r   t he   use   of  a  l a r g e  

n u m b e r   of  s m a l l e r   o p e r a t o r   a s s i s t a n c e   s y s t e m s .   H o w e v e r ,   i t  

i s   a l s o   w e l l   known  in  t h e   a r t   t h a t   l a r g e   g r o u p s   o f  

o p e r a t o r s   s e r v e   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   m o r e  

e f f i c i e n t l y   t h a n   s m a l l   g r o u p s ;   t h i s   f a c t o r   t e n d s   to  f a v o r  

t h e   use   of  a  s n a i l   n u m b e r   of  l a r g e   o p e r a t o r   a s s i s t a n c e  

s y s t e m s .   In  p r a c t i c e ,   a  t r a d e - o f f   is  u s u a l l y   made  in  t h e  

d i r e c t i o n   of  a  s m a l l   n u m b e r   of  l a r g e   o p e r a t o r   a s s i s t a n c e  

s y s t e m s .   T h e r e f o r e ,   a  p r o b l e m   of  t he   p r i o r   a r t   is  t h a t  

more   e x p e n s i v e   v o i c e   t r a n s m i s s i o n   f a c i l i t i e s   a r e   r e q u i r e d .  

O p e r a t o r   a s s i s t a n c e   t r a f f i c   is  much  l o w e r   a t  

n i g h t ,   e s p e c i a l l y   a f t e r   m i d n i g h t .   Even  l a r g e   o p e r a t o r  

a s s i s t a n c e   s y s t e m s   u s u a l l y   have   s m a l l ,   h e n c e   l e s s  

e f f i c i e n t ,   t e a m s   of  o p e r a t o r s   on  d u t y   d u r i n g   s u c h   n i g h t  

h o u r s .   A  p r o b l e m   of  t he   p r i o r   a r t   s y s t e m s   is   t h a t   t h e  

n i g h t   o p e r a t o r   a s s i s t a n c e   t r a f f i c   from  m u l t i p l e   g e o g r a p h i c  

r e g i o n s   c a n n o t   be  f u n n e l e d   i n t o   a  c e n t r a l i z e d   o p e r a t o r  

a s s i s t a n c e   s y s t e m ,   bu t   mus t   c o n t i n u e   to  be  s e r v e d   from  t h e  

same  o p e r a t o r   a s s i s t a n c e   s y s t e m   w h i c h   h a n d l e s   t he   d a y t i m e  

t r a f f i c   f rom  t h a t   r e g i o n .   W h i l e   some  o l d e r   o p e r a t o r  

s y s t e m s ,   s u c h   as  a u t o m a t i c   c a l l   d i s t r i b u t o r s   u sed   f o r  

i n c o m i n g   c a l l s   to   l a r g e   b u s i n e s s e s ,   o f f e r   t h e   n i g h t  

t r a n s f e r   f e a t u r e ,   t h i s  f e a t u r e   is  u s u a l l y   i m p l e m e n t e d   b y  

s i m p l y   r e s w i t c h i n g   c a l l s   to  a n o t h e r   l o c a t i o n ;   such   a n  

a r r a n g e m e n t   c a n n o t   s u p p o r t   s y s t e m s   in  w h i c h   t h e   o p e r a t o r  

c o n t r o l s   t he   c o n f i g u r a t i o n   and  b i l l i n g   of  a  c a l l .  

The  p r o b l e m   is  to  s e r v e   o p e r a t o r   a s s i s t a n c e   c a l l s  

in  a  s y s t e m   w h i c h   is  t o o   s m a l l   to  j u s t i f y   t he   p r e s e n c e   of  a  

t eam  of  o p e r a t o r s   e v e n   d u r i n g   n o r m a l   b u s i n e s s   h o u r s .   S m a l l  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   and  l a r g e r   s y s t e m s   c a r r y i n g  

o n l y   a  s m a l l   a m o u n t   of  o p e r a t o r   a s s i s t a n c e   t r a f f i c   a r e  



l i k e l y   to  be  more  p r e v a l e n t   as  m o d e r n   s y s t e m s   wh ich   a r e  

e c o n o m i c a l   at  s m a l l   s i z e s   a r e   p r o v i d e d   w i t h   o p e r a t o r  

a s s i s t a n c e   f e a t u r e s .   A  p r o b l e m   in  the  p r i o r   a r t   is  t h a t   n o  

a r r a n g e m e n t s   a r e   a v a i l a b l e   to  p e r m i t   an  o p e r a t o r   in  o n e  

o p e r a t o r   a s s i s t a n c e   s y s t e m   to  s e r v e   an  o p e r a t o r   a s s i s t a n c e  

r e q u e s t   from  a n o t h e r   o p e r a t o r   a s s i s t a n c e   s y s t e m .  

T h e s e   p r o b l e m s   of  the   p r i o r   a r t   are   a l l  

m a n i f e s t a t i o n s   of  a  common  l i m i t a t i o n   of  p r i o r   a r t   s y s t e m s :  

o p e r a t o r   a s s i s t a n c e   t r a f f i c   f rom  a  g i v e n   g e o g r a p h i c   a r e a   i s  

s e r v e d   by  o p e r a t o r s   a s s o c i a t e d   w i t h   a  g i v e n   o p e r a t o r  

a s s i s t a n c e   s y s t e m .   T h i s   l i m i t a t i o n   is  b r o u g h t   a b o u t   by  

r e s t r i c t i o n s   on  t he   k i n d s   of  s i g n a l s   wh ich   may  be  p a s s e d  

t h r o u g h   the  p u b l i c   s w i t c h e d   n e t w o r k   and  the   c h a r a c t e r i s t i c s  

of  the   d a t a   n e c e s s a r y   to  s u p p o r t   an  o p e r a t o r   a s s i s t a n c e  

r e q u e s t ,   much  of  wh ich   is  o n l y   a v a i l a b l e   in  the   o p e r a t o r  

a s s i s t a n c e   s y s t e m   c o n n e c t e d   to  t he   c a l l i n g   c u s t o m e r .   P a r t  

of  t h i s   d a t a   p e r t a i n s   to  t h e   p a r t i c u l a r   c a l l   and  i s  

a c c u m u l a t e d   d u r i n g   the   c o u r s e   of  the   c a l l .   A n o t h e r   p a r t ,  

f o r  e x a m p l e ,   f o r   c a l c u l a t i n g   c o i n   c a l l   c h a r g e s ,   is  s p e c i f i c  

to  t he   p a r t i c u l a r   g e o g r a p h i c   a r e a   s e r v e d   by  an  o p e r a t o r  

a s s i s t a n c e   s y s t e m s .   S i g n a l i n g   m e s s a g e s   and  o t h e r   d a t a   f o r  

i d e n t i f y i n g   the   d i r e c t o r y   n u m b e r   and  g e o g r a p h i c   l o c a t i o n   o f  

a  c u s t o m e r   o r i g i n a t i n g   an  o p e r a t o r   a s s i s t a n c e   c a l l   a r e  

a v a i l a b l e   o n l y   in  the   s i n g l e   o p e r a t o r   a s s i s t a n c e   s y s t e m  

s e r v i n g   the   g e o g r a p h i c   a r e a   of  t h a t   c u s t o m e r .   S i n c e   s o m e  

c a l l s   g e n e r a t e   more  t h a n   one  o p e r a t o r   a s s i s t a n c e   r e q u e s t ,  

e a c h   r e q u e s t   u s u a l l y   s e r v e d   by  a  d i f f e r e n t   o p e r a t o r ,   t h e  

d a t a   f o r   n o t i f y i n g   an  o p e r a t o r   of  what   has  t r a n s p i r e d   on  a  

g i v e n   c a l l   m u s t   be  a v a i l a b l e   to  any  o p e r a t o r   s e r v i n g   t h a t  

c a l l .   A l l   of  t h e s e   f a c t o r s   i n d i c a t e   t h a t   a  c o m p l e t e   d a t a  

b a s e   can  be  r e a d i l y   p r o v i d e d   o n l y   at  the   o p e r a t o r  

a s s i s t a n c e   s y s t e m   w h i c h   i n i t i a l l y   r e c e i v e s   a  c a l l .  

In  s u m m a r y ,   t he   p r o b l e m  i s   t h a t   o p e r a t o r s  
a s s o c i a t e d   w i t h   one  o p e r a t o r   a s s i s t a n c e   s y s t e m   can  n o t  

s e r v e   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   fo r   c a l l s   d i r e c t e d   t o  

a n o t h e r   o p e r a t o r   a s s i s t a n c e   s y s t e m ,   and  the   p r o b l e m   has  n o t  

b e e n   s o l v e d   in  t he   p r i o r   a r t   b e c a u s e   of  the   l i m i t a t i o n s  



i m p o s e d   by  t h e   s i z e   and  u p d a t i n g   of  t he   d a t a   b a s e   at  t h e  

o p e r a t o r   a s s i s t a n c e   s y s t e m   d e s i r i n g   to  s e r v e   and  t h e  

t r a n s m i s s i o n   r e q u i r e m e n t s   r e q u i r e d   f o r   t he   i n c o m i n g   a n d  

o u t g o i n g   s i g n a l i n g   t i e d   to  the   l a t t e r   s y s t e m .  

Summary   of  t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,   t w o  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   c o o p e r a t e   by  c o n n e c t i n g   a n  

i n c o m i n g   c a l l   d i r e c t e d   to  the  f i r s t   o p e r a t o r   a s s i s t a n c e  

s y s t e m   v i a   s a i d   s y s t e m   to  an  o p e r a t o r   p o s i t i o n   a t   t h e  

s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m .   The  o p e r a t o r   a t   t h e  

o p e r a t o r   p o s i t i o n   at   t he   s e c o n d   s y s t e m   r e s p o n d s   to  c u s t o m e r  

r e q u e s t s   by  k e y i n g   c o n t r o l   i n f o r m a t i o n .   T h i s   i n f o r m a t i o n  

is   s e n t   to  t h e   f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m   and  is   u s e d  

f o r   a l t e r i n g   t h e   c o n f i g u r a t i o n   of  t he   c a l l   or  t he   c a l l  

r e c o r d s   in  t h e   f i r s t   s y s t e m   a c c o r d i n g l y .   A d v a n t a g e o u s l y ,  

s u c h   an  a r r a n g e m e n t   p e r m i t s   an  o p e r a t o r   a t   a  s e c o n d  

o p e r a t o r   a s s i s t a n c e   s y s t e m   to  s e r v e   an  i n c o m i n g   c a l l  

c o n n e c t e d   to  a  f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m .   F u r t h e r ,  

t h e   c o n n e c t i o n   to  t he   c a l l e d   c u s t o m e r   is   r o u t e d   to  t h e  

a p p r o p r i a t e   o f f i c e   o v e r   t he   s w i t c h e d   n e t w o r k   u s i n g  

c o n n e c t i n g   or  c o m p l e t i n g   t r u n k s   of  t he   f i r s t   o p e r a t o r  

a s s i s t a n c e   s y s t e m ,   t h u s   u t i l i z i n g   l e s s   e x t r a   v o i c e  

t r a n s m i s s i o n   f a c i l i t i e s .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   e a c h   of   t he   two  o p e r a t o r   a s s i s t a n c e   s y s t e m s  

i n c l u d e s   a  s t o r e d   p r o g r a m   c o n t r o l l e d   p r o c e s s o r   s y s t e m   f o r  

c o n t r o l l i n g   c a l l   c o n f i g u r a t i o n s ,   c o m m u n i c a t i n g   w i t h  

o p e r a t o r   p o s i t i o n s ,   and  r e c o r d i n g   c a l l   d a t a .   The  p r o c e s s o r  
of  t h e   f i r s t   s y s t e m   s e n d s   to  the   p r o c e s s o r   of  t he   s e c o n d  

s y s t e m   a  m e s s a g e   i n c l u d i n g   d a t a   a b o u t   a  c a l l   and  r e q u e s t i n g  

a  c o n n e c t i o n   to   an  o p e r a t o r   p o s i t i o n   in  t he   s e c o n d   s y s t e m .  

The  two  s y s t e m s   t h e n   c o o p e r a t e   to  s e t   up  a  c o n n e c t i o n   f r o m  

the   i n c o m i n g   l i n e   or  t r u n k   at  the   f i r s t   s y s t e m   to  t h e  

o p e r a t o r   p o s i t i o n   in  t he   s e c o n d   s y s t e m .   The  p r o c e s s o r   o f  

t h e   s e c o n d   s y s t e m   c o m m u n i c a t e s   w i t h   t he   o p e r a t o r   p o s i t i o n  

of  t h e   s e c o n d   s y s t e m ,   s e n d i n g   s i g n a l s   to  c o n t r o l   a  d i s p l a y ,  

r e c e i v i n g   c a l l   c o n t r o l   and  b i l l i n g   d a t a   and  c o n t r o l   s i g n a l s  



k e y e d   in  by  the   o p e r a t o r   at  t he   o p e r a t o r   p o s i t i o n .   When 

t h e   o p e r a t o r   k e y s   a  c a l l   s e t u p   or  d i s c o n n e c t   r e q u e s t ,   t h e  

p r o c e s s o r   of  t h e   s e c o n d   s y s t e m   s e n d s   a d d i t i o n a l   d a t a   a n d  

r e q u e s t s   back   to  t he   p r o c e s s o r   of  the   f i r s t   s y s t e m .   T h e  

c o n n e c t i o n   to  t h e   o p e r a t o r   p o s i t i o n   is  c o o p e r a t i v e l y  

d i s c o n n e c t e d   u n d e r   t he   c o n t r o l   of  the   two  p r o c e s s o r s .  
A d v a n t a g e o u s l y ,   t h i s   a r r a n g e m e n t   p e r m i t s   the  d a t a   r e s o u r c e s  
of  t he   f i r s t   s y s t e m   to  be  u s e d   even   t h o u g h   the   o p e r a t o r  
a s s i s t a n c e   r e q u e s t   is  s e r v e d   f rom  an  o p e r a t o r   p o s i t i o n   i n  

t he   s e c o n d   s y s t e m .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t he   p r o c e s s o r   of  t he   f i r s t   s y s t e m   makes   a  
d e c i s i o n   e i t h e r   to  use  an  o p e r a t o r   p o s i t i o n   at  the   f i r s t  

s y s t e m   or  at  t h e   s e c o n d   s y s t e m   f o r   a  g i v e n   c a l l .   T h i s  

d e c i s i o n   is  b a s e d   on  a  m a s t e r   t r a n s f e r   f l a g   i n d i c a t i n g   t h a t  

a l l   c a l l s   a re   to  be  t r a n s f e r r e d ,   and  one  or  more  send  f l a g s  
f o r   i n d i c a t i n g   t h a t   some  c a l l s   may  be  t r a n s f e r r e d .   A  s e n d  

f l a g   is  s e t   when  a  h e a v y   o p e r a t o r   a s s i s t a n c e   r e q u e s t   l o a d  

is   r e c o g n i z e d   in  t h e   f i r s t   s y s t e m   and  a p p r o p r i a t e   l o a d  

s t a t u s   i n f o r m a t i o n ,   such   as  a  c a l l   t r a n s f e r   p e r m i t   m e s s a g e ,  
i s   r e c e i v e d   f rom  t h e   s e c o n d   s y s t e m .   O p e r a t o r   a s s i s t a n c e  

c a l l s   a re   c a t e g o r i z e d   i n t o   d i f f e r e n t   t y p e s ,   and  m a s t e r   a n d  

s e n d   f l a g s   m a i n t a i n e d   fo r   e a c h   t y p e .   A d v a n t a g e o u s l y ,   s u c h  

an  a r r a n g e m e n t   p e r m i t s   n i g h t   t r a n s f e r   of  a l l   r e q u e s t s   t o  

t h e   s e c o n d   s y s t e m ;   d y n a m i c   i n t e r f l o w   or  s h a r i n g   of  l o a d   b y  

o p e r a t o r   t e a m s   a t   t h e   two  s y s t e m s ;   in  c a s e   one  t y p e   o f  

o p e r a t o r   team  is   n o t   p r o v i d e d   in  the   f i r s t   s y s t e m ,   s t a t i c  

i n t e r f l o w   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t s   s e r v e d   by  t h a t  

t y p e   of  o p e r a t o r   t e a m ;   and ,   i f   no  o p e r a t o r s   a re   p r o v i d e d  

in  t he   f i r s t   s y s t e m ,   o p e r a t o r   c e n t r a l i z a t i o n .   F u r t h e r ,  

s u c h   an  a r r a n g e m e n t   p e r m i t s   e a c h   o p e r a t o r   a s s i s t a n c e   s y s t e r r  

to  be  f u l l y   l o a d e d   d u r i n g   b u s y   h o u r s ,   and  a l l o w s   a l l   b u t  

one  s y s t e m   of  a  g r o u p   to  be  u n s t a f f e d   at  n i g h t .   I n  

a d d i t i o n ,   such   an  a r r a n g e m e n t   p e r m i t s   d i f f e r e n t   n i g h t  

t r a n s f e r ,   d y n a m i c   s h a r i n g   and  c e n t r a l i z a t i o n   p o l i c i e s   to  b e  

i m p l e m e n t e d   f o r   d i f f e r e n t   t y p e s   of  c a l l s .  

In  a c c o r d a n c e   w i t h   an  a l t e r n a t i v e   e m b o d i m e n t   o f  



t he   i n v e n t i o n ,   t h e   p r o c e s s o r   of  t he   f i r s t   s y s t e m  

c o m m u n i c a t e s   d i r e c t l y   v i a   d a t a   c o m m u n i c a t i o n   a r r a n g e m e n t s  

w i t h   an  o p e r a t o r   p o s i t i o n   of  t he   s e c o n d   s y s t e m .  

A d v a n t a g e o u s l y ,   s u c h   an  a r r a n g e m e n t   s i m p l i f i e s   the   c o n t r o l  

s o f t w a r e   s i n c e   t h e   c o m m u n i c a t i o n s   b e t w e e n   p r o c e s s o r   a n d  

o p e r a t o r   p o s i t i o n   a r e   t h e   same  f o r   a  l o c a l   or  r e m o t e  

o p e r a t o r   p o s i t i o n .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   a  g r o u p   of  s y s t e m s   can  be  i n t e r c o n n e c t e d   t o  

t r a n s f e r   o p e r a t o r   a s s i s t a n c e   r e q u e s t   t r a f f i c   among  o p e r a t o r  

t e a m s   at   t he   d i f f e r e n t   s y s t e m s .   In  a c c o r d a n c e   w i t h   o n e  

s p e c i f i c   a r r a n g e m e n t ,   one  of  t h e s e   s y s t e m s   can  a l l o c a t e  

t r a f f i c   among  t h e   o p e r a t o r   t e a m s   in  a l l   t h e   s y s t e m s .  

A d v a n t a g e o u s l y ,   s u c h   an  a r r a n g e m e n t   can   be  u sed   to  o p t i m i z e  

t h e   u t i l i z a t i o n   of  o p e r a t o r s   in  a l l   of  t h e   s y s t e m s   of  t h e  

g r o u p .  
B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g  

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   f rom  t h e  

f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  r e a d   w i t h   r e f e r e n c e   t o  

t h e   d r a w i n g   in  w h i c h :  

FIG.  1  is  a  s y s t e m   b l o c k   d i a g r a m   of  a n  

i l l u s t r a t i v e   e m b o d i m e n t   of  the   i n v e n t i o n   s h o w i n g   t w o  

o p e r a t o r   a s s i s t a n c e   s y s t e m s ,   i n c l u d i n g   o p e r a t o r   p o s i t i o n s ;  

FIG.  2  is  a  d e t a i l e d   b l o c k   d i a g r a m   of  an  o p e r a t o r  

p o s i t i o n   of  FIG.  1 ;  

FIG.  3  is   a  c a l l   c o n f i g u r a t i o n   d i a g r a m   s h o w i n g  

the   v a r i o u s   c o m m u n i c a t i o n   and  d a t a   p a t h s   u sed   in  a n  

i l l u s t r a t i v e   o p e r a t o r   a s s i s t a n c e   c a l l ;  

FIG.  4  is  a  memory   l a y o u t   o f   a  q u e u e   u sed   f o r  

s t o r i n g   o p e r a t o r   a s s i s t a n c e   r e q u e s t s ;  

FIG.  5  is   a  memory  l a y o u t   of   a  p r o c e s s   b l o c k   u s e d  

for   o r i n g   the   d a t a   of  an  o p e r a t o r   a s s i s t a n c e   c a l l ;  

FIG.  6  and  12  show  a  s e r i e s   of  f o r m a t s   f o r   c a l l  

c o n t r o l   and  o p e r a t o r   a s s i s t a n c e   r e q u e s t   t r a n s f e r   c o n t r o l  

m e s s a g e s   b e t w e e n   p r o c e s s o r s   of  t he   two  s y s t e m s ;  

FIGS.   7-11  and  13  a re   a  s e r i e s   of  p r o g r a m   f l o w  

d i  g r a m s   i l l u s t r a t i n g   t he   d a t a   p r o c e s s i n g   and  c o n t r o l   o f  



o p e r a t o r   a s s i s t a n c e   c a l l s   and  t r a n s f e r   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t s ;  

FIG.  14  is  a  b l o c k   d i a g r a m   s h o w i n g   a  g r o u p   o f  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   i n t e r c o n n e c t e d   to  p e r m i t  

s h a r i n g   of  o p e r a t o r   p o s i t i o n s   among  t h e s e   s y s t e m s ;   a n d  

FIG.  15  is  a  b l o c k   d i a g r a m   s h o w i n g   the   use  of  a n  

e x t e r n a l   p a c k e t   s w i t c h e d   n e t w o r k   to  t r a n s m i t   d a t a   among  a  

g r o u p   of  o p e r a t o r   a s s i s t a n c e   s y s t e m s .  
D e t a i l e d   D e s c r i p t i o n  

F i g u r e   1  i l l u s t r a t e s   one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n .   Shown  ar=  two  o p e r a t o r   a s s i s t a n c e  

s y s t e m s   1  and  2.  S y s t e m   1  is  c o n n e c t e d   to  a  g r o u p   o f  

i n c o m i n g   l i n e s   to  c u s t o m e r s   or  i n c o m i n g   t r u n k s   from  o t h e r  

o f f i c e s   1 2 0 , . . . , 1 2 1 ,   or  b o t h ,   w h i c h   t e r m i n a t e   on  a  d i g i t a l  

c i r c u i t   s w i t c h i n g   n e t w o r k   104 ,   w h i c h   may  be  any  w e l l   k n o w n  

t e l e p h o n e   s w i t c h i n g   n e t w o r k .   For  c o n v e n i e n c e ,   l i n e s ,   w h i c h  

a r e   c o m m o n l y   t w o - w a y ,   and  t h o s e   t r u n k s   w h i c h   a r e   t w o - w a y ,  

a r e   d e s i g n a t e d   as  i n c o m i n g   or  o u t g o i n g   a c c o r d i n g   to  t h e  

f u n c t i o n   p e r f o r m e d   in  a  p a r t i c u l a r   c a l l .   A  s i m i l a r   g r o u p  
of   i n c o m i n g   l i n e s   or  t r u n k s   1 7 0 , . . . , 1 7 1   is   shown  c o n n e c t e d  

to  o p e r a t o r   a s s i s t a n c e   s y s t e r   2,  t e r m i n a t i n g   on  a  

c o r r e s p o n d i n g   d i g i t a l   c i r c u i t   s w i t c h i n g   n e t w o r k   1 5 4 .  

C i r c u i t   s w i t c h i n g   n e t w o r k   104  of  o p e r a t o r   a s s i s t a n c e  

s y s t e m   1  is  a l s o   c o n n e c t e d   to  a  g r o u p   of  o p e r a t o r  

p o s i t i o n s   1 1 0 , . . . , 1 1 1   v i a   p a t h s   1 1 2 , . . . , 1 1 3   a n d  

m u l t i p l e x e r s   1 1 4 , . . . , 1 1 5 .   S i m i l a r l y ,   c i r c u i t   s w i t c h i n g  

n e t w o r k   154  of  o p e r a t o r   a s s i s t a n c e   s y s t e m   2  is  c o n n e c t e d   t o  

a  g r o u p   of  o p e r a t o r   p o s i t i o n s   1 6 0 , . . . , 1 6 1   v i a   p a t h s  

1 6 2 , . . . , 1 6 3   and  m u l t i p l e x e r s   1 6 4 , . . . 1 6 5 .   A l s o   shown  a r e  

o u t g o i n g   l i n e s   or  t r u n k s   1 3 0 , . . . , 1 3 1   t e r m i n a t i n g   on  c i r c u i t  

s w i t c h i n g   n e t w o r k   104  of  o p e r a t o r   a s s i s t a n c e   s y s t e m   1  a n d  

o u t g o i n g   l i n e s   or  t r u n k s   1 8 0 , . . . , 1 8 1   t e r m i n a t i n g   on  c i r c u i t  

s w i t c h i n g   n e t w o r k   154  of  o p e r a t o r   a s s i s t a n c e   s y s t e m   2;  t h e  

t r u n k s   a re   c o n n e c t e d   to  o t h e r   s w i t c h i n g   s y s t e m s .  

In  the  c a s e   of  an  o p e r a t o r   a s s i s t a n c e   r e q u e s t  

s e r v e d   a c c o r d i n g   to  t he   p r i n c i p l e s   of  p r i o r   a r t   s y s t e m s   b y  

a  l o c a l   o p e r a t o r   p o s i t i o n ,   a  c a l l   is  s e t   up  from  one  o f  



t h e   i n c o m i n g   l i n e s   or  t r u n k s   1 2 0 , . . . , 1 2 1   to  one  o f  t h e  

o u t g o i n g   l i n e s   or  t r u n k s   1 3 0 , . . . , 1 3 1   b e f o r e   or  a f t e r   a n  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   has  been   s e r v e d .   P r o c e s s o r   101 

r o u t i n e l y   m o n i t o r s   t h e s e   l i n e s   and  t r u n k s   and  c o n t r o l s  

n e t w o r k   104  to  make  t h e   n e c e s s a r y   c o n n e c t i o n s   in  a  w e l l  

known  m a n n e r .   In  a d d i t i o n ,   when  an  o p e r a t o r   a s s i s t a n c e  

r e q u e s t   is  d e t e c t e d   by  p r o c e s s o r   101,   one  of  t he   o p e r a t o r  

p o s i t i o n s   1 1 0 , . . . , 1 1 1   is  b r i d g e d   o n t o   t h e   c a l l   c o n n e c t i o n  

or  a  c o n n e c t i o n   i s   made  b e t w e e n   the   o p e r a t o r   p o s i t i o n   a n d  

an  i n c o m i n g   l i n e   or  t r u n k   1 2 0 , . . . , 1 2 1 ,   so  t h a t   t he   o p e r a t o r  

may  e s t a b l i s h   o r a l   c o m m u n i c a t i o n   w i t h   t he   c u s t o m e r   p l a c i n g  

t h e   c a l l .   The  o p e r a t o r   r e q u e s t s   i n f o r m a t i o n   f rom  t h e  

c u s t o m e r   and  k e y s   c a l l   c o n t r o l   i n f o r m a t i o n   i n t o   t he   s y s t e m  

f rom  the   o p e r a t o r   p o s i t i o n .   T h e r e a f t e r ,   t h e   o p e r a t o r  

p o s i t i o n   is  d i s c o n n e c t e d   f rom  t h e   c a l l .   O p e r a t o r  

a s s i s t a n c e   s y s t e m   2  w o r k s   in  the   same  way  s e t t i n g   up  c a l l s  

b e t w e e n   i n c o m i n g   l i n e s   or  t r u n k s   1 7 0 , . . . , 1 7 1   and  o u t g o i n g  

l i n e s   or  t r u n k s   1 8 0 , . . . , 1 8 1 ,   and  s e t t i n g   up  c o n n e c t i o n s   t o  

one  of  t he   o p e r a t o r   p o s i t i o n s   1 6 0 , . . . , 1 6 1 .   C a l l s   in  w h i c h  

an  o p e r a t o r   p o s i t i o n   at   t he   l o c a l   s y s t e m   s e r v e s   t h e  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   a re   r e f e r r e d   to  as  c o n v e n t i o n a l  

c a l l s   in  t h i s   d e s c r i p t i o n ;   s i m i l a r l y ,   c a l l   p r o c e s s i n g  

a c t i o n s   and  c a l l   d a t a   u s e d   fo r   c o n v e n t i o n a l   c a l l s   a n d  

c o n v e n t i o n a l   o p e r a t o r   a s s i s t a n c e   c o n n e c t i o n s   a r e   r e f e r r e d  

to  as  c o n v e n t i o n a l .  

An  o p e r a t o r   a s s i s t a n c e   s y s t e m   in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n   i s   p a r t i c u l a r l y   a d a p t e d   to  d e a l   w i t h  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   in  w h i c h   t h e   c a l l   comes   f r o m  

an  o r i g i n a t i n g   c u s t o m e r   i n t o   one  o p e r a t o r   a s s i s t a n c e  

s y s t e m ,   h e r e a f t e r   c a l l e d   the   l o c a l   s y s t e m ,   and  t h e   o p e r a t o r  

a s s i s t a n c e   r e q u e s t   is  s e r v e d   by  an  o p e r a t o r   p o s i t i o n   in  a  

s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m ,   h e r e a f t e r   c a l l e d   t h e  

r e m o t e   s y s t e m .   In  o r d e r   to  h a n d l e   t h i s   t y p e   of   o p e r a t o r  

a s s i s t a n c e   r e q u e s t ,   o p e r a t o r   c o n n e c t i n g   t r u n k s   1 2 5 , . . . , 1 2 6  

a r e   p r o v i d e d   to  i n t e r c o n n e c t   t he   two  s y s t e m s   of  FIG.  1 .  

E f f e c t i v e l y ,   t h e s e   fo rm  p a r t   of  a  c o m m u n i c a t i o n   c i r c u i t s  

b e t w e e n   the   s y s t e m s   to  a l l o w   o p e r a t o r s   in  one  s y s t e m   t o  



s e r v e   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   f rom  a n o t h e r   s y s t e m .  

O p e r a t o r   c o n n e c t i n g   t r u n k s   a re   u sed   to  c o n n e c t   an  o p e r a t o r  

p o s i t i o n   of  one  s y s t e m   to  an  i n c o m i n g   l i n e   or  t r u n k   or  t o  

an  e x i s t i n g   c a l l   c o n n e c t i o n   of  a n o t h e r   s y s t e m .   A  d a t a  

c o m m u n i c a t i o n   p a t h   140,   such  as  a  t r u n k   f o r   t r a n s m i t t i n g  

d a t a   at  a  16  k i l o b i t / s e c o n d   r a t e ,   i n t e r c o n n e c t s   s y s t e m   1 

and  2  and  is  u sed   f o r   t r a n s m i t t i n g   d a t a   m e s s a g e s   b e t w e e n  

t h e   two  s y s t e m s .   The  d a t a   c o m m u n i c a t i o n   p a t h   f o r m s   a n o t h e r  

p a r t   of  t he   c o m m u n i c a t i o n   c i r c u i t s   b e t w e e n   the   s y s t e m s .  

T h e s e   d a t a   m e s s a g e s ,   d e s c r i b e d   f u r t h e r   b e l o w   w i t h   r e s p e c t  

to  F IGS.   6  and  12,  a re   used   to  p e r m i t   t h e   two  s y s t e m s   t o  

c o o p e r a t e   in  s e t t i n g   up  a  c o n n e c t i o n   f rom  the   l o c a l   s y s t e m  

to  an  o p e r a t o r   p o s i t i o n   in  the   r e m o t e   s y s t e m ,   and  t o  

t r a n s m i t   c a l l   d a t a   b e t w e e n   the   two  s y s t e m s .  

In  o r d e r   to  c o n t r o l   o p e r a t o r   a s s i s t a n c e   c a l l s ,  

e a c h   of  t he   o p e r a t o r   a s s i s t a n c e   s y s t e m s   is  c o n t r o l l e d   by  a  

s t o r e d   p r o g r a m   c o n t r o l l e d   p r o c e s s o r .   P r o c e s s o r   101  i n  

o p e r a t o r   a s s i s t a n c e   s y s t e m   1  i n c l u d e s   a  c e n t r a l   p r o c e s s i n g  

u n i t   102  and  memory  103.   P r o c e s s o r   101  can  c o m m u n i c a t e  

d a t a   t h r o u g h   a  d a t a   c h a n n e l   106  v i a   a  p a c k e t   s w i t c h i n g  

n e t w o r k   105  w i t h   any  of  the   o p e r a t o r   p o s i t i o n s   1 1 0 , . . . , 1 1 1 .  

The  p a c k e t   s w i t c h i n g   n e t w o r k   105  may  be  any  w e l l   k n o w n  

p a c k e t   s w i t c h i n g   n e t w o r k .   P r o c e s s o r   101  c o n t r o l s   c i r c u i t  

s w i t c h i n g   n e t w o r k   104  t h r o u g h   c o n t r o l   p a t h   107.   S i m i l a r l y ,  

o p e r a t o r   a s s i s t a n c e   s y s t e m   2  i n c l u d e s  a   s t o r e d   p r o g r a m  

c o n t r o l l e d   p r o c e s s o r   151  wh ich   i n c l u d e s   a  c e n t r a l  

p r o c e s s i n g   u n i t   152  and  memory  153.   P r o c e s s o r   151  c a n  

s i m i l a r l y   c o m m u n i c a t e   d a t a   t h r o u g h   a  d a t a   c h a n n e l   156  v i a  

t h e   p a c k e t   s w i t c h i n g   n e t w o r k   155  w i t h   t h e   o p e r a t o r  

p o s i t i o n s   1 6 0 , . . . , 1 6 1 .   P r o c e s s o r   151  c o n t r o l s   c i r c u i t  

s w i t c h i n g   n e t w o r k   154  t h r o u g h   c o n t r o l   p a t h   157.   T h e  

p r o c e s s o r s   101  and  151  of  t he   two  s y s t e m s   e a c h   c o n t a i n   a l l  

of   t h e   p r o g r a m s   o u t l i n e d   in  the   f l o w   d i a g r a m s   of  FIGS.  7 - 1 1  

and  13  and  e x e c u t e   the   a p p r o p r i a t e   o n e s   in  o r d e r   to  c o n t r o l  

t h e   p r o c e s s   of  s e t t i n g   up  a  c o n n e c t i o n   f rom  t he   l o c a l  

s y s t e m   to  t he   o p e r a t o r   p o s i t i o n   a t   t he   r e m o t e   s y s t e m ,   i . e . ,  

t h e   r e m o t e   o p e r a t o r   p o s i t i o n .  



In  t h e   p r e s e n t   e m b o d i m e n t   of  t he   i n v e n t i o n ,   i f   a n  

o p e r a t o r   p o s i t i o n   of  s y s t e m   2  is  to  h a n d l e   a  c a l l   i n  

s y s t e m   1,  s y s t e m   1  s e n d s   a  m e s s a g e   v i a   d a t a   c o m m u n i c a t i o n  

p a t h   140  to  s y s t e m   2  a s k i n g   t h a t   a  c o n n e c t i o n   be  s e t   u p  
b e t w e e n   one  of  t he   o p e r a t o r   c o n n e c t i n g   t r u n k s   1 2 5 , . . . , 1 2 6  

and  one  of  t h e   o p e r a t o r s   p o s i t i o n s   1 6 0 , . . . , 1 6 1 .   S y s t e m   2 

s e t s   up  s u c h   a  c o n n e c t i o n   and  r e s p o n d s   w i t h   a  m e s s a g e   t o  

s y s t e m   1  t h a =   a  c o n n e c t i o n   has  b e e n   s e t   up  b e t w e e n   a n  

o p e r a t o r   p o s i t i o n   and  a  s p e c i f i e d   o p e r a t o r   c o n n e c t i n g  

t r u n k .   S y s t e m   1  t h e n   c o n n e c t s   t he   s p e c i f i e d   o p e r a t o r  

c o n n e c t i n g   t r u n k   to  t h e   l i n e   or  t r u n k   c o n n e c t e d   to  t h e  

o r i g i n a t i n g   c u s t o m e r ,   or  adds   t h a t   c o n n e c t i n g   t r u n k   to  a n  

e x i s t i n g   c o n n e c t i o n .  

A l t e r n a t i v e l y ,   s y s t e m   1  c o u l d   s e t   up  a  c o n n e c t i o n  

f rom  t he   l i n e   or   t r u n k   c o n n e c t e d   to  t he   o r i g i n a t i n g  

c u s t o m e r ,   or  f r o m   an  e x i s t i n g   c o n n e c t i o n ,   to  an  o p e r a t o r  

c o n n e c t i n g   t r u n k ,   and  s y s t e m   2  c o u l d   t h e n   s e t   up  a  

c o n n e c t i o n   f rom  t h a t   o p e r a t o r   c o n n e c t i n g   t r u n k   to  a n  

o p e r a t o r   p o s i t i o n .   The  a l t e r n a t i v e   a p p r o a c h   i n c r e a s e s   t h e  

h o l d i n g   t i m e   of   t h e   o p e r a t o r   c o n n e c t i n g   t r u n k   i f   f u r t h e r  

d e l a y   is  e n c o u n t e r e d   in  f i n d i n g   an  a v a i l a b l e   o p e r a t o r  

p o s i t i o n   in  s y s t e m   2 .  

The  o p e r a t o r   a s s i s t a n c e   p o s i t i o n s   f o r   t h e s e  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   a r e   a r r a n g e d   to  work  in  a n  

i n t e g r a t e d   s e r v i c e s   d i g i t a l   n e t w o r k   (ISDN)  e n v i r o n m e n t .  

The  c o n c e p t s   of  ISDN  h a v e   been   e x t e n s i v e l y   s t u d i e d   by  t h e  

I n t e r n a t i o n a l   T e l e g r a p h   and  T e l e p h o n e   C o n s u l t a t i v e  

C o m m i t t e e   (CCITT)   and  a r e   d e s c r i b e d ,   f o r   e x a m p l e ,   i n  

I n t e r n a t i o n a l   T e l e c o m m u n i c a t i o n s   S t a n d a r d s :   I s s u e s   a n d  

I m p l i c a t i o n s   f o r   t h e   8 0 ' s - - A   summary   R e c o r d   of  a  J u l y   1 9 8 2  

W o r k s h o p ,   e d i t e d   by  D.  M.  C e r n i   and  E.  M.  G r a y   a n d  

p u b l i s h e d   in  May,  1 9 8 3 ,   by  the   U.  S.  D e p a r t m e n t   of  C o m m e r c e  

( D o c u m e n t   N T I A - S P - 8 3 - 1 5 ) .  

The  o p e r a t o r   p o s i t i o n   t e r m i n a l s   a t   o p e r a t o r  

p o s i t i o n s   1 1 0 , . . . , 1 1 1   and  1 6 0 , . . . , 1 6 1   a r e   c o m p a t i b l e   w i t h  

ISDN  and  a r e   r e f e r r e d   to  as  ISDN  t e r m i n a l s .   ISDN  t e r m i n a l s  

a r e   a r r a n g e d   to  r e c e i v e   and  t r a n s m i t   a  s i n g l e   d i g i t a l   b i t  



s t r e a m ,   o p e r a t i n g   at  16,  80  or  144  k i l o b i t s   p e r   s e c o n d  

( k b ) .   The  b i t   s t r e a m   i n c l u d e s   a  " D - C h a n n e l "   o p e r a t i n g   a t  

16  kb  f o r   t he   t r a n s m i s s i o n   of  c o n t r o l   and  d a t a   p a c k e t s ,   a n d  

z e r o ,   one  or  two  " B - c h a n n e l s "   o p e r a t i n g   at  64  kb  e a c h   f o r  

t h e   t r a n s m i s s i o n   of  d i g i t i z e d   v o i c e   or  h i g h e r   s p e e d   d a t a  

p a c k e t s .   In  t h e   ISDN,  t h e   B-  and  D - c h a n n e l s   a r e  

s e p a r a t e l y   s w i t c h e d   and  a s s e m b l e d   i n t o   a  s i n g l e   b i t   s t r e a m  

as  t h e y   a re   t r a n s m i t t e d   to  a  t e r m i n a l .   In  t h i s   e x e m p l a r y  

e m b o d i m e n t ,   t h e   D - c h a n n e l s   a r e   s w i t c h e d   v i a   p a c k e t  

s w i t c h i n g   n e t w o r k   105  or  155,   w h i l e   the   B - c h a n n e l s   a r e  

s w i t c h e d   v i a   d i g i t a l   c i r c u i t   s w i t c h i n g   n e t w o r k   104  or  1 5 4 ;  

the   o p e r a t o r   p o s i t i o n   t e r m i n a l   c o m m u n i c a t e s   w i t h   t he   r e s t  

of  t h e   o p e r a t o r   a s s i s t a n c e   s y s t e m   v i a   an  80  kb  d i g i t a l   b i t  

s t r e a m ,   c o m p r i s i n g   a  B - c h a n n e l   and  a  D - c h a n n e l .   The  16  k b  

D - c h a n n e l s   f rom  p a c k e t   s w i t c h i n g   n e t w o r k   105  and  the   64  k b  

B - c h a n n e l s   f rom  d i g i t a l   c i r c u i t   s w i t c h i n g   n e t w o r k   104  a r e  

c o m b i n e d   in  d i g i t a l   m u l t i p l e x e r s   1 1 4 , . . . , 1 1 5 ,   w h i c h   may  b e  

any  w e l l   known  d i g i t a l   m u l t i p l e x e r ,   and  t h e n   r o u t e d   v i a  

c o m b i n e d   d a t a   and  v o i c e   p a t h s   1 1 2 , . . . , 1 1 3   to  o p e r a t o r  

p o s i t i o n s   1 1 0 , . . . , 1 1 1 .   S i m i l a r   f a c i l i t i e s   a re   p r o v i d e d  

w i t h i n   o p e r a t o r   a s s i s t a n c e   s y s t e m   2 .  

In  t he   p r e s e n t   e m b o d i m e n t   of  the   i n v e n t i o n ,  

s e p a r a t e   p a c k e t   and  c i r c u i t   s w i t c h i n g   n e t w o r k s   a r e   u sed   a s  

shown  in  FIG.  1.  A l t e r n a t i v e l y ,   a  c o m b i n e d   c i r c u i t   a n d  

p a c k e t   s w i t c h i n g   n e t w o r k   f o r   use  in  an  ISDN,  c o u l d   be  u s e d  

to  i m p l e m e n t   t he   i n v e n t i o n .  

D e t a i l s   of  t he   o p e r a t o r   p o s i t i o n   a r e   i l l u s t r a t e d  

in  F i g u r e   2,  w h i c h   shows  a  t y p i c a l   o p e r a t o r   p o s i t i o n ,  

o p e r a t o r   p o s i t i o n   160  of  o p e r a t o r   a s s i s t a n c e   s y s t e m   2 .  

Coming   i n t o   o p e r a t o r   p o s i t i o n   160  is  an  80kb  d i g i t a l   b i t  

s t r e a m   on  d a t a   p a t h   162  f rom  m u l t i p l e x e r   1 6 4 .  

M u l t i p l e x e r   164  is   c o n n e c t e d   to  c i r c u i t   s w i t c h i n g  

n e t w o r k   154  v i a   p a t h   168  and  p a c k e t   s w i t c h i n g   n e t w o r k   1 5 5  

v i a   p a t h   166.   The  80  kb  d i g i t a l   s t r e a m   c o m p r i s e s   one  6 4 k b  

B - c h a n n e l   and  one  16kb  D - c h a n n e l .   The  B - c h a n n e l   is   u s e d  

f o r   v o i c e   c o m m u n i c a t i o n s   and  the   D - c h a n n e l   is  u sed   f o r  

p a c k e t i z e d   d a t a   c o m m u n i c a t i o n s   w i t h   p r o c e s s o r   151.   T h e  



80kb   s t r e a m   e n t e r s   t he   o p e r a t o r   p o s i t i o n   160  v i a   d a t a   p a t h  

162  and  t e r m i n a t e s   at   d e m u l t i p l e x e r   209  w h i c h   s e p a r a t e s   o u t  

t h e   D-  and  B - c h a n n e l   b i t   s t r e a m s .   The  B - c h a n n e l   b i t   s t r e a m  

is   r o u t e d   f rom  d e m u l t i p l e x e r   209  v i a   p a t h   205  to  a  v o i c e  

c o n t r o l l e r   206 ,   w h i c h   h a n d l e s   such   f u n c t i o n s   as  e c h o  

s u p p r e s s i o n .   The  v o i c e   c o n t r o l l e r   i s   c o n n e c t e d   to  a  

b i d i r e c t i o n a l   a n a l o g / d i g i t a l   c o n v e r t e r   207 ,   w h i c h   i s  

c o n n e c t e d   to  an  o p e r a t o r ' s   h e a d s e t   ( n o t   s h o w n ) .   The  D -  

c h a n n e l   b i t   s t r e a m   is  r o u t e d   f rom  d e m u l t i p l e x e r   209  v i a  

p a t h   204  to  c o n t r o l l e r   2 0 1 ,   w h i c h   c o n t r o l s   v o i c e  

c o n t r o l l e r   206  and  d i s p l a y   202  and  r e c e i v e s   i n t u t   f rom  a  

k e y b o a r d   203 .   T h u s ,   an  o p e r a t o r   at   o p e r a t o r   p o s i t i o n   1 6 0  

has   a  v o i c e   c o n n e c t i o n   t h r o u g h   c i r c u i t   s w i t c h i n g  

n e t w o r k   154  to  a  c u s t o m e r   v i a   a  B - c h a n n e l ,   and  a  p a c k e t  

s w i t c h e d   d a t a   c o n n e c t i o n   t h r o u g h   p a c k e t   s w i t c h i n g  

n e t w o r k   155  to  p r o c e s s o r   151  v i a   a  D - c h a n n e l .   S i n c e   t h e  

v o i c e   and  d a t a   c o m m u n i c a t i o n s   b e t w e e n   the   o p e r a t o r  

p o s i t i o n   160  and  n e t w o r k s   154  and  1 5 5  ' a r e   b i d i r e c t i o n a l ,  

t h e   u n i t s   164  and  209  a r e   a re   a l s o   b i d i r e c t i o n a l   and  a r e  

m u l t i p l e x e r / d e m u l t i p l e x e r   u n i t s ,   and  t he   A/D  c o n v e r t e r   2 0 7  

is   a  c o m b i n e d   a n a l o g / d i g i t a l   and  d i g i t a l / a n a l o g   c o n v e r t e r .  

The  same  is  t r u e   f o r   c o r r e s p o n d i n g   u n i t s   a s s o c i a t e d   w i t h  

o t h e r   o p e r a t o r   p o s i t i o n s   of  FIG.  1 .  

When  t h e   o p e r a t o r   at  o p e r a t o r   p o s i t i o n   160  i s  

i n i t i a l l y   c o n n e c t e d   to  a  c u s t o m e r ,   an  i n i t i a l   d i s p l a y  

c o n t r o l   m e s s a g e   f r o m   p r o c e s s o r   151 ,   s e n t   v i a   p a c k e t   s w i t c h  

n e t w o r k   155  to  t h e   o p e r a t o r   p o s i t i o n ,   s e t s   up  t h e   o p e r a t o r  

p o s i t i o n   d i s p l a y .   T h i s   i n f o r m s   the   o p e r a t o r   of  the   m a j o r  

d e t a i l s   of  the   c a l l   so  t h a t   t h e   o p e r a t o r   may  i n t e r a c t  

v e r b a l l y   w i t h   t h e   c u s t o m e r   and  r e c e i v e   a d d i t i o n a l  

i n f o r m a t i o n .   The  o p e r a t o r ,   u s i n g   k e y b o a r d   2 0 3 ,   t h e n   k e y s  

f u r t h e r   d a t a   i n t o   t he   o p e r a t o r   p o s i t i o n .   T h e  

c o n t r o l l e r   201  t h e n   s e n d s   t h i s   k e y e d   d a t a   to  p r o c e s s o r   1 5 1 .  

P r o c e s s o r   151  may  send   a  m e s s a g e   to  p r o c e s s o r   101  to  a l t e r  

t h e   c o n f i g u r a t i o n   of  t he   c a l l   ( f o r   e x a m p l e ,   by  l e t t i n g   t h e  

c a l l   c o m p l e t e   to  i t s   d e s t i n a t i o n )   or  may  r e c o r d  

i n f o r m a t i o n   a b o u t   t he   c a l l   ( s u c h   as  the   c a l l i n g   c a r d  



n u m b e r   of  the   c a l l i n g   c u s t o m e r )   on  the   b a s i s   of  t he   d a t a  

k e y e d   i n t o   the   o p e r a t o r   p o s i t i o n   by  the   o p e r a t o r .  

In  o r d e r   to  f u r t h e r   i l l u s t r a t e   t he   i n v e n t i o n ,   a  

c a l l   w i l l   be  f o l l o w e d   f rom  i t s   o r i g i n a t i o n   to  i t s  

d i s c o n n e c t i o n .   In  the   i n i t i a l   d e s c r i p t i o n   of  t he   h a n d l i n g  

of  t h i s   c a l l ,   i t   is  a s s u m e d   t h a t   o p e r a t o r   a s s i s t a n c e  

s y s t e m   1  is   in  t he   n i g h t   t r a n s f e r   mode.   In  the   n i g h t  

t r a n s f e r   mode ,   a l l   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   a re   s e r v e d  

f r o m   o p e r a t o r   p o s i t i o n s   at  a n o t h e r   s y s t e m ,   in  t h i s   c a s e  

s y s t e m   2.  The  c a l l ,   whose   c o n f i g u r a t i o n   is  i l l u s t r a t e d   i n  

F IG.   3,  is  f rom  an  o r i g i n a t i n g   c u s t o m e r   on  i n c o m i n g  

l i n e   120  of  s y s t e m   1  g o i n g   t o  a   t e r m i n a t i n g   c u s t o m e r   v i a  

o u t g o i n g   t r u n k   130  of  s y s t e m   1.  In  o r d e r   to  f u r t h e r  

i l l u s t r a t e   t he   p r i n c i p l e s   of  t h e   i n v e n t i o n ,   a  p e r s o n - t o -  

p e r s o n   c a l l   is  used   as  an  e x a m p l e .   When  t h i s   c a l l   i s  

p l a c e d ,   t he   c a l l i n g   c u s t o m e r   d i a l s   "0"  f o l l o w e d   by  t h e  

d i r e c t o r y   n u m b e r   of  t he   c a l l e d   c u s t o m e r .   For  t h i s   t y p e   o f  

c a l l ,   an  o p e r a t o r   a s s i s t a n c e   r e q u e s t   is  d e t e c t e d   when  t h e  

end  of  d i a l i n g   has  been   r e c o g n i z e d .   O p e r a t o r   p o s i t i o n   160  

of   s y s t e m   2  is  c o n n e c t e d   to  t he   i n c o m i n g   l i n e   120  v i a  

o p e r a t o r   c o n n e c t i n g   t r u n k   125  a f t e r   the   c u s t o m e r   h a s  

f i n i s h e d   d i a l i n g .   The  o p e r a t o r   at  o p e r a t o r   p o s i t i o n   160 

f i n d s   ou t   f rom  the   c u s t o m e r   the   c a l l   t y p e   ( p e r s o n - t o -  

p e r s o n )   and  the   name  of  the   r e q u e s t e d   c a l l e d   p a r t y .   T h e  

o p e r a t o r   t h e n   k e y s   c o n v e n t i o n a l   d a t a   i n t o   t he   k e y b o a r d   2 0 3  

of  o p e r a t o r   p o s i t i o n   160,   w h i c h   d a t a   when  t r a n s m i t t e d   t o  

s y s t e m   1  i n d i c a t e s   t h a t   a  c o n n e c t i o n   s h o u l d   be  s e t   u p  
b e t w e e n   t h e   c a l l i n g   and  c a l l e d   c u s t o m e r s   w h i l e   t h e  

o p e r a t o r   s t a n d s   by.  A f t e r   the   o p e r a t o r   has   o r a l l y   v e r i f i e d  

t h a t   t he   r e q u e s t e d   c a l l e d   p a r t y   is  on  the   l i n e ,   t h e  

o p e r a t o r   k e y s   f u r t h e r   c o n v e n t i o n a l   d a t a   i n t o   k e y b o a r d   2 0 3 ,  

w h i c h   d a t a   when  t r a n s m i t t e d   to  s y s t e m   1  s i g n a l s   to  s y s t e m   1 

to   s t a r t   c h a r g i n g   f o r   t he   c a l l ,   to  b i l l   t h e   c a l l   as  a  

p e r s o n - t o - p e r s o n   c a l l ,   and  to  d i s c o n n e c t   the   o p e r a t o r  

c o n n e c t i n g   t r u n k .   The  o p e r a t o r   s i g n a l s   to  i t s   p r o c e s s o r  
to  d i s c o n n e c t   t he   o p e r a t o r   p o s i t i o n .  

FIG.  3  shows  v a r i o u s   v o i c e   and  d a t a   p a t h s  



a s s o c i a t e d   w i t h   t h i s   c a l l .   When  the   c u s t o m e r   has   f i n i s h e d  

d i a l i n g   and  the   o p e r a t o r   a s s i s t a n c e   s y s t e m   has   d e t e c t e d   t h e  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   i m p l i e d   by  t h a t   c o m p l e t i o n   o f  

d i a l i n g ,   an  o p e r a t o r   p o s i t i o n   at   a  r e m o t e   s y s t e m   ( s y s t e m   2 )  

is   c o n n e c t e d   to  i n c o m i n g   l i n e   120.   T h i s   c o n n e c t i o n   i s  

i l l u s t r a t e d   as  b e i n g   v i a   p a t h   321  in  c i r c u i t   s w i t c h  

n e t w o r k   104  of  o p e r a t o r   a s s i s t a n c e   s y s t e m   1  ( t h e   l o c a l  

s y s t e m ) ,   o p e r a t o r   i n t e r c o n n e c t i n g   t r u n k   125,   and  p a t h   3 2 5  

in  c i r c u i t   s w i t c h   n e t w o r k   154  of  o p e r a t o r   a s s i s t a n c e  

s y s t e m   2  ( t h e   r e m o t e   s y s t e m ) .  

S u b s e q u e n t l y ,   when  the   o p e r a t o r   a t   t he   r e m o t e  

s y s t e m   has   i n d i c a t e d   t h a t   t h e   c o n n e c t i o n   to  t h e   c a l l e d  

c u s t o m e r   is  to  be  e s t a b l i s h e d ,   c o n n e c t i o n   323  b e t w e e n  

l i n e   120  and  o u t g o i n g   t r u n k   130  ir  a d d e d   to  t he   e x i s t i n g  

c o n n e c t i o n   b e t w e e n   l i n e   120  and  o p e r a t o r   p o s i t i o n   160 .   I n  

t h e   i l l u s t r a t i v e   e m b o d i m e n t   d e s c r i b e d   h e r e i n ,   t he   c i r c u i t  

s w i t c h i n g   n e t w o r k s   104  and  154  a re   d i g i t a l   n e t w o r k s .   T h e  

s y s t e m s   a r e   e q u i p p e d   w i t h   w e l l   known  d i g i t a l   c o n f e r e n c e  

c i r c u i t s ,   c o n s i d e r e d   f o r   c l a r i t y   to  be  p a r t   of  t h e s e  

c i r c u i t   s w i t c h i n g   n e t w o r k s ,   w h i c h   a l l o w   t h r e e - w a y  

c o n n e c t i o n s   to  be  s e t   up.   T h i s   p e r m i t s   a  t h i r d   l e g ,   s u c h  

as  t h e   c o n n e c t i o n   to  an  o u t g o i n g   t r u n k ,   to  be  added   to  a n  

e x i s t i n g   c o n n e c t i o n .  

In  a d d i t i o n   to  t h e   v o i c e   p a t h   b e t w e e n   t h e  

i n c o m i n g   l i n e   and  the   o p e r a t o r   p o s i t i o n ,   d e s c r i b e d   a b o v e ,   a  

d a t a   p a t h   to  o p e r a t o r   p o s i t i o n   16C  m u s t   be  e s t a b l i s h e d .   I n  

t h e   p r e s e n t   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h i s   d a t a   p a t h  

i n c l u d e s   a  d a t a   p a t h   307  in  p a c k e t   s w i t c h  n e t w o r k   1 5 5  

b e t w e e n   p r o c e s s o r   151  and  o p e r a t o r   p o s i t i o n   160 .   The  t o t a l  

c o n t r o l   m e c h a n i s m   mus t   be  a u g m e n t e d ,   as  d e s c r i b e d   b e l o w ,   b y  

a  d a t a   p a t h   b e t w e e n   p r o c e s s o r   101  of  the   l o c a l   s y s t e m   a n d  

p r o c e s s o r   151  of  the   r e m o t e   s y s t e m .   T h i s   d a t a   p a t h  

i n c l u d e s   d a t a   p a t h   301  t h r o u g h   p a c k e t   s w i t c h   n e t w o r k   1 0 5 ,  

d a t a   c o m m u n i c a t i o n   p a t h   140 ,   and  d a t a   p a t h   309  t h r o u g h  

p a c k e t   s w i t c h   n e t w o r k   1 5 5 .  

P r o c e s s i n g   of  t h e   e x e m p l a r y   c a l l   b e g i n s   when  a  

s e i z u r e   is   i n i t i a l l y   d e t e c t e d   on  l i n e   120 .   U n d e r   t h e  



c o n t r o l   of  p r o c e s s o r   101,   s i g n a l i n g   i n f o r m a t i o n   ( t h e   d i a l e d  

n u m b e r )   is  a c c u m u l a t e d   and  s t o r e d   in  memory  as  f o r   a  
c o n v e n t i o n a l   c a l l .   When  c o m p l e t e   s i g n a l i n g   i n f o r m a t i o n   h a s  

been   o b t a i n e d ,   p r o c e s s o r   101  r e c o g n i z e s ,   as  f o r   a  

c o n v e n t i o n a l   c a l l ,   t h a t   the   a s s i s t a n c e   of  an  o p e r a t o r   i s  

r e q u i r e d ,   and  e n t e r s   a  r e q u e s t   i n t o   a  q J e u e   420  (F IG .   4)  i n  

memory  as  f o r   a  c o n v e n t i o n a l   c a l l .   A u d i b l e   t o n e   is  s e n t  

b a c k   to  t h e   o r i g i n a t i n g   c u s t o m e r   to  l e t   t h a t   c u s t o m e r   k n o w  

t h a t   a  c o n n e c t i o n   to   an  o p e r a t o r   is  b e i n g   a t t e m p t e d .  

At  some  l a t e r   t i m e ,   the   q u e u e   420  (F IG .   4)  i s  

e x a m i n e d   by  p r o c e s s o r   101.   H e r e ,   a  d e p a r t u r e   is   made  f r o m  

the   p r o c e s s i n g   of  a  c o n v e n t i o n a l   c a l l .   B e c a u s e   o p e r a t o r  
a s s i s t a n c e   s y s t e m   1  is  in  the   n i g h t   t r a n s f e r   m o d e ,  

p r o c e s s o r   101  m a k e s   a  d e c i s i o n   t h a t   an  o p e r a t o r   p o s i t i o n   i n  

s y s t e m   2,  t he   r e m o t e   s y s t e m ,   is  to  h a n d l e   t he   o p e r a t o r  

i n t e r v e n t i o n .   P r o c e s s o r   101  t r a n s m i t s   to  p r o c e s s o r   151  a  

c a l l   r e q u e s t   d a t a   m e s s a g e   500  (F IG .   6 ) ,   w h i c h   s u m m a r i z e s  

t he   p e r t i n e n t   known  d a t a   a b o u t   t he   c a l l .   T h i s   d a t a   m e s s a g e  
is   s e n t   v i a   t he   p a c k e t   s w i t c h i n g   n e t w o r k s   105  ( d a t a   p a t h  

301 ,   FIG.  3)  and  155  ( d a t a   p a t h   309 ,   FIG.  3)  and  d a t a  

c o m m u n i c a t i o n   p a t h   140.   P r o c e s s o r   151  r e c o r d s   t h i s   d a t a   i n  

i t s   own  m e m o r y .  

In  t he   r e m o t e   s y s t e m   ( o p e r a t o r   a s s i s t a n c e  

s y s t e m   2 ) ,   when  an  o p e r a t o r   p o s i t i o n   b e c o m e s   a v a i l a b l e ,  

p a t h   325  ( F I G .   3)  is  s e t   up  in  c i r c u i t   s w i t c h i n g  

n e t w o r k   154  b e t w e e n   an  o p e r a t o r   c o n n e c t i n g   t r u n k ,   in  t h i s  

c a s e   t r u n k   125 ,   and  an  o p e r a t o r   p o s i t i o n ,   in  t h i s   c a s e  

o p e r a t o r   p o s i t i o n   160.   P r o c e s s o r   151  s e n d s   t o  

p r o c e s s o r   101  a  r e m o t e   s e t u p   c o m p l e t e   m e s s a g e   510  (FIG.   6 ) .  

In  r e s p o n s e ,   p a t h   321  (F IG .   3)  is  s e t   up  in  the   l o c a l  

s y s t e m   in  c i r c u i t   s w i t c h i n g   n e t w o r k   104  b e t w e e n   t h e  

i n c o m i n g   l i n e   120  and  an  o p e r a t o r   c o n n e c t i n g   t r u n k   1 2 5 .  

P r o c e s s o r   151  s e n d s   a  c o n v e n t i o n a l   i n i t i a l   d i s p l a y   c o n t r o l  

m e s s a g e ,   b a s e d   on  t he   d a t a   p r e v i o u s l y   r e c e i v e d   f r o m  

p r o c e s s o r   101 ,   v i a   p a c k e t   s w i t c h i n g   n e t w o r k   155  to  o p e r a t o r  

p o s i t i o n   160  to  c o n t r o l   the   d i s p l a y   of  i n i t i a l   c a l l   d a t a   o n  

d i s p l a y   202  at   t h a t   o p e r a t o r   p o s i t i o n .   The  o p e r a t o r   a t  



o p e r a t o r   p o s i t i o n   160  c o m m u n i c a t e s   w i t h   t h e   c u s t o m e r   o n  

l i n e   120  and  k e y s   c o n v e n t i o n a l   d a t a   w h i c h   is  s e n t   t o  

p r o c e s s o r   151.   P r o c e s s o r   151  r e c o r d s   d a t a   a b o u t   the   c a l l  

( s u c h   as  a  c a l l i n g   c a r d   n u m b e r )   or  t r a n s m i t s   c o n t r o l   d a t a  

to  p r o c e s s o r   101  to  c h a n g e   the   c o n f i g u r a t i o n   of  the   c a l l  

( s u c h   as  a  r e q u e s t   to  s e t   up  the   c a l l   to  a  d i s t a n t   s w i t c h ) .  

At  t he   end  of  the   o p e r a t o r   t r a n s a c t i o n ,   p r o c e s s o r   151 

d i s c o n n e c t s   o p e r a t o r   p o s i t i o n   160  f rom  o p e r a t o r   c o n n e c t i n g  

t r u n k   125  and  s e n d s   a  d i s c o n n e c t   m e s s a g e   550  (F IG .   6 ) ,  

c o m p r i s i n g   a l l   p e r t i n e n t   c a l l   d a t a   c o l l e c t e d   b y  

p r o c e s s o r   151 ,   to  p r o c e s s o r   101;  in  r e s p o n s e   to  t h i s  

m e s s a g e ,   p r o c e s s o r   101  u p d a t e s   i t s   c a l l   r e c o r d s ,   makes   a n y  

n e c e s s a r y   b i l l i n g   e n t r i e s   in  i t s   m e m o r y ,   and  d i s c o n n e c t s  

o p e r a t o r   c o n n e c t i n g   t r u n k   125  f rom  the   c o n n e c t i o n   b e t w e e n  

i n c o m i n g   l i n e   120  and  o u t g o i n g   t r u n k   1 3 0 .  

U s i n g   an  a l t e r n a t i v e   p r o g r a m ,   p r o c e s s o r   151  c a n  

d e f e r   t h e   d i s c o n n e c t   of  t he   o p e r a t o r   p o s i t i o n   u n t i l   t h e  

p r o c e s s o r   r e c e i v e s   a  m e s s a g e   f rom  p r o c e s s o r   101 .   T h i s  

a l t e r n a t i v e   p r o g r a m   o f f e r s   the   p o s s i b i l i t y   of  r e t a i n i n g   t h e  

c o n n e c t i o n   to  t he   c u s t o m e r   i f   p r o c e s s o r   101  r e c o g n i z e s   a  

n e e d ,   s u c h   as  t h e  u n a v a i l a b i l i t y   of  v o i c e   a n n o u n c e m e n t  

c i r c u i t s ,   f o r   r e t a i n i n g   an  o p e r a t o r   on  t he   c o n n e c t i o n .  

The  c o n s e q u e n c e   of  t h i s   mode  of  o p e r a t i o n   is   t h a t  

t h e   c a l l s   b e t w e e n   an  o r i g i n a t i n g   c u s t o m e r   or  i n c o m i n g   t r u n k  

and  a  t e r m i n a t i n g   c u s t o m e r   or  o u t g o i n g   t r u n k   a r e   s e t   up  i n  

t h e   c o n v e n t i o n a l   m a n n e r   w i t h i n   o p e r a t o r   a s s i s t a n c e   s y s t e m   1 

( t h e   l o c a l   s y s t e m ) ,   b u t   t h a t   an  o p e r a t o r   p o s i t i o n   i n  

s y s t e m   2  ( t h e   r e m o t e   o p e r a t o r   p o s i t i o n )   is   used   to  s e r v e   a n  

o p e r a t o r   a s s i s t a n c e   r e q u e s t .   The  r e m o t e   o p e r a t o r   p o s i t i o n  

c o m m u n i c a t e s   w i t h   t h e   p r o c e s s o r   of  t he   r e m o t e   s y s t e m   ( t h e  

r e m o t e   p r o c e s s o r ) .   In  a d d i t i o n ,   t he   p r o c e s s o r   of  the   l o c a l  

s y s t e m   ( t h e   l o c a l   p r o c e s s o r )   s e n d s   an  i n i t i a l   c a l l   r e q u e s t  

m e s s a g e   to  t he   r e m o t e   p r o c e s s o r   c o m p r i s i n g   d a t a   c o n c e r n i n g  

t h e   c a l l   so  t h a t   t he   r e m o t e   p r o c e s s o r   may  s e t   up  a  

c o n n e c t i o n   to  a  r e m o t e   o p e r a t o r   p o s i t i o n   and  may  c o n t r o l  

t h e   i n i t i a l   o p e r a t o r   p o s i t i o n   d i s p l a y ;   t he   r e m o t e   p r o c e s s o r  
s e n d s   to  the   l o c a l   p r o c e s s o r   a  r e m o t e   s e t u p   c o m p l e t e  



m e s s a g e   510  c o m p r i s i n g   the   s e l e c t e d   o p e r a t o r   c o n n e c t i n g  

t r u n k ,   and  a  f i n a l   d i s c o n n e c t   o p e r a t o r   p o s i t i o n   m e s s a g e  
c o m p r i s i n g   d a t a   w h i c h   has   been   a c c u m u l a t e d   by  the   r e m o t e  

p r o c e s s o r   f rom  c o m m u n i c a t i o n s   w i t h   t he   r e m o t e   o p e r a t o r  

p o s i t i o n .   F u r t h e r   m e s s a g e   e x c h a n g e s   b e t w e e n   t h e s e   t w o  

p r o c e s s o r s   a r e   r e q u i r e d   w h e r e   t he   r e m o t e   p r o c e s s o r   d o e s   n o t  
h a v e   a c c e s s   to  d a t a ,   a v a i l a b l e   to  t he   l o c a l   p r o c e s s o r ,   o r  

r e q u e s t s   t he   l o c a l   p r o c e s s o r   to  p e r f o r m   i n t e r m e d i a t e   c a l l  

c o n t r o l   o p e r a t i o n s .  

The  mode  of  o p e r a t i o n   d e s c r i b e d   a b o v e   is  u s e f u l  

in  f o u r   d i s t i n c t   s e t t i n g s .   F i r s t ,   i f   a l l   l o c a l   s y s t e m  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   a r e   s e r v e d   by  o p e r a t o r  
p o s i t i o n s   at  a n o t h e r   s y s t e m ,   t h i s   mode  of  o p e r a t i o n   can  b e  

u s e d   f o r   o p e r a t o r   p o s i t i o n   c e n t r a l i z a t i o n .   S e c o n d ,   i f  

o p e r a t o r   p o s i t i o n s   in  t he   l o c a l   s y s t e m   a re   u n a t t e n d e d   a t  

n i g h t   a n d / o r   on  w e e k e n d s ,   t h e n   t h i s   mode  of  o p e r a t i o n   c a n  

be  used   to   i m p l e m e n t   n i g h t   t r a n s f e r .   T h i r d ,   t h i s   mode  o f  

o p e r a t i o n   can  be  u s e d   to  h a n d l e   t e m p o r a r y   p e a k s   of  t r a f f i c  

in  one  s y s t e m   by  a l l o w i n g   d y n a m i c   i n t e r f l o w   of  o p e r a t o r  
a s s i s t a n c e   r e q u e s t s   to  a n o t h e r   s y s t e m   w h i c h   d o e s   n o t   h a v e   a  
s i m u l t a n e o u s   p e a k ;   t h i s   o t h e r   s y s t e m   may  i n t e r f l o w  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   in  t he   r e v e r s e   d i r e c t i o n   w h e n  

t h e   t r a f f i c   p e a k   s i t u a t i o n   is  r e v e r s e d .   F i n a l l y ,   i f  

c e r t a i n   t y p e s   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t s   a re   h a n d l e d  

by  o p e r a t o r s   o n l y   a v a i l a b l e   in  a n o t h e r   s y s t e m ,   a l l   s u c h  

r e q u e s t s   can  be  s e r v e d   by  such   o p e r a t o r s   by  s t a t i c  

i n t e r f l o w .  

Each  of  t he   p r o c e s s o r s   101  and  151  c o n t a i n s   a  s e t  

of  c a l l   p r o c e s s i n g   p r o g r a m s ,   t h e   p e r t i n e n t   o n e s   of  w h i c h  

a r e   o u t l i n e d   in  t h e   p r o g r a m   f l o w   d i a g r a m s   of  FIGS.   7 - 1 1  

and  13,  f o r   c o n t r o l l i n g   o p e r a t o r   a s s i s t a n c e   c a l l s   a n d  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   and  f o r   a l l o c a t i n g   a  r e q u e s t  
to   a  l o c a l   or  a  r e m o t e   s y s t e m .   In  a d d i t i o n ,   e ach   o f  

p r o c e s s o r s   101  and  151  has   a  s t o r e d   p r o g r a m   c a l l e d   a n  

o p e r a t i n g   s y s t e m   f o r   c o n t r o l l i n g   s c h e d u l i n g   and  c o n t r o l l i n g  

t h e   t r a n s m i s s i o n   and  r e c e p t i o n   of  m e s s a g e s   among  p r o c e s s e s  
in  one  or  more   p r o c e s s o r s .   Such  o p e r a t i n g   s y s t e m s   a r e   w e l l  



known  and  c o m m o n l y   u s e d   in  t he   a r t .   One  s u c h   is   t h e   D u p l e x  
M u l t i - E n v i r o n m e n t   R e a l   Time  (DMERT)  o p e r a t i n g   s y s t e m ,  
d e s c r i b e d   in  G r z e l a k o w s k i   e t   a l . :   DMERT  O p e r a t i n g   S y s t e m ,  
B e l l   S y s t e m   T e c h n i c a l   J o u r n a l ,   V o l .   62 ,   N o .  1 ,   P a r t   2 ,  

J a n u a r y   1 9 8 3 ,   pp .   3 0 3 - 3 2 2 .   A c c o r d i n g   to  common  p r a c t i c e   i n  

many  o p e r a t i n g   s y s t e m s ,   e a c h   job   or  p r o c e s s   in  a  s y s t e m   i s  

i d e n t i f i e d   by  a  p r o c e s s   n u m b e r .   Each   a c t i v e   p r o c e s s   has   a n  

a s s i g n e d   b l o c k   of  memory   c a l l e d   a  p r o c e s s   b l o c k .   T h e  

o p e r a t i n g   s y s t e m   m a i n t a i n s   a  l i s t   of  a l l   a c t i v e   p r o c e s s  
n u m b e r s   and  is  a t l e   to  f i n d   t he   l o c a t i o n   in  memory  of  t h e  

p r o c e s s   b l o c k   f o r   any  p r o c e s s   n u m b e r .   By  u s i n g   t h e   p r o g r a m  
f a c i l i t i e s   of  t h e   o p e r a t i n g   s y s t e m ,   one  p r o c e s s  
c o m m u n i c a t e s   w i t h   a n o t h e r   by  s e n d i n g   a  m e s s a g e ,   w h o s e  

t r a n s m i s s i o n   and  r e c e p t i o n   is   h a n d l e d   by  the   o p e r a t i n g  

s y s t e m ,   to  a  d e s t i n a t i o n   p r o c e s s   in  t he   same  or  a  d i f f e r e n t  

p r o c e s s o r .  
F u r t h e r   d e t a i l s   of  t he   p r o c e s s i n g   of  t he   c a l l  

can   b e s t   be  u n d e r s t o o d   by  r e f e r e n c e   to  FIGS.   4 -13   w h i c h  

show  memory   l a y o u t s ,   i n t e r - p r o c e s s o r   m e s s a g e   f o r m a t s   a n d  

p r o g r a m   f l o w   d i a g r a m s .   Queue   420  ( F I G .   4)  u s e s   a  w e l l  

known  f i f o   ( f i r s t   i n ,   f i r s t   o u t )   q u e u e   d i s c i p l i n e   w h i c h   h a s  

t h e   c h a r a c t e r i s t i c   t h a t   t he   m o s t   r e c e n t l y   e n t e r e d   r e q u e s t  
w i l l   be  t he   l a s t   to  be  s e r v e d .   Each  r e q u e s t   f o r   a  

c o n n e c t i o n   to  an  o p e r a t o r   p o s i t i o n   i s   s t o r e d   in  t h e   q u e u e  
as  a  p r o c e s s   n u m b e r .   T h i s   n u m b e r   a c t s   as  l i n k   to  a  b l o c k  

of  m e m o r y ,   c a l l e d   t h e   p r o c e s s   b l o c k ,   ( d e s c r i b e d   b e l o w   w i t h  

r e s p e c t   to  FIG.   5 ) ,   w h i c h   c o n t a i n s   a l l   p e r t i n e n t  

i n f o r m a t i o n   a b o u t   t h e   p r o c e s s ,   in  t h i s   c a s e ,   an  o p e r a t o r  
a s s i s t a n c e   c a l l .   Each   o p e r a t o r   a s s i s t a n c e   s y s t e m   has   o n e  

or  more   q u e u e s ,   e a c h   a s s o c i a t e d   w i t h   a  team  of  o p e r a t o r  

p o s i t i o n s .   F I G .  4   shows   two  s u c h   q u e u e s   420  and  431  e a c h  

w i t h   i t s   c o n t r o l   b l o c k   400  and  4 3 0 ,   r e s p e c t i v e l y .   E a c h  

q u e u e   i s   d e f i n e d   by  a  c a l l   t y p e   i n d i c a t o r   4 0 5 ,   i n d i c a t i n g  

t h e   o p e r a t o r   a s s i s t a n c e   r e q u e s t   t y p e .  

D i f f e r e n t   o p e r a t o r   t e a m s   may  s e r v e   d i f f e r e n t  

t y p e s   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t s .   For   e x a m p l e ,   a  

d i f f e r e n t   t eam  m i g h t   be  u sed   f o r   i n t e r n a t i o n a l   c a l l s   t h a n  



f o r   t o l l   and  a s s i s t a n c e   c a l l s   w i t h i n   one  c o u n t r y .   S o m e  

t e a m s   may  s e r v e   r e q u e s t s   f rom  more  t h a n   one  q u e u e ,   a l t h o u g h  

i t   is  a s s u m e d   f o r   c l a r i t y   h e r e i n   t h a t   e ach   o p e r a t o r   t e a m  

o n l y   s e r v e s   one  q u e u e .   T e c h n i q u e s   f o r   a l l o t t i n g   o p e r a t o r  

p o s i t i o n s   f rom  one  team  to  more  t h a n   one  q u e u e   a re   w e l l  

known  in  t he   a r t   and  a r e   g e n e r a l l y   b a s e d   on  the   p r i n c i p l e  

of  k e e p i n g   d e l a y ,   r e l a t i v e   to  a  t a r g e t   maximum  f o r   e a c h  

q u e u e ,   e q u a l   in  t i e   s e v e r a l   q u e u e s   s e r v e d   by  one  t e a m .  

The  q u e u e   c o n t r o l   b l o c k   400  (FIG.   4)  a s s o c i a t e d  

w i t h   q u e u e   420  c o r t a i n s   a  f i r s t   r e q u e s t   i n d i c a t o r   402  and  a  

l a s t   r e q u e s t   i n d i c a t o r   404  to  c o n t r o l   the   l o a d i n g   a n d  

u n l o a d i n g   of  t he   q u e u e   in  a  w e l l   known  m a n n e r .   I t   a l s o  

c o n t a i n s   a  v a r i a b l e   406  i n d i c a t i n g   the   number   of  e n t r i e s   i n  

t h e   q u e u e ,   and  a  p a r a m e t e r ,   the   a v e r a g e   h o l d i n g   t i m e   (AHT) 

a s s o c i a t e d   w i t h   a  r e q u e s t   in  t h a t   q u e u e ,   s t o r e d   i n  

f i e l d   408 .   V a r i a b l e   406  and  the   AHT  a re   used   to  e s t i m a t e  

t h e   d e l a y   to  be  e n c o u n t e r e d   by  t he   n e x t   e n t r y   in  t he   q u e u e .  
The  q u e u e   c o n t r o l   b l o c k   a l s o   i n c l u d e s   a  r e q u e s t   t y p e  
i n d i c a t o r   405 ,   d e s c r i b e d   a b o v e .   The  c o n t r o l   of  t he   q u e u e  
c o n t r o l   b l o c k   a l s o   m a i n t a i n s   a  c o u n t   of  the   number   o f  

a c t i v e   o p e r a t o r   p o s i t i o n s   409  in  the   team  t h a t   h a n d l e s   t h e  

c a l l   t y p e   of  t h i s   q u e u e   c o n t r o l   b l o c k ,   by  i n c r e m e n t i n g   t h e  

number   w h e n e v e r   an  o p e r a t o r   o p e n s   an  o p e r a t o r   p o s i t i o n   a n d  

d e c r e m e n t i n g   t h e   n u m b e r   w h e n e v e r   an  o p e r a t o r   c l o s e s   a n  

o p e r a t o r   p o s i t i o n .   The  c o n t r o l   of  the   q u e u e   c o n t r o l   b l o c k  

a l s o   m a i n t a i n s   a  c o u n t   of  the   number   of  a v a i l a b l e   o p e r a t o r  

p o s i t i o n s   411  by  i n c r e m e n t i n g   t h i s   number   w h e n e v e r   a  

p o s i t i o n   is  r e l e a s e d   and  d e c r e m e n t i n g   i t   w h e n e v e r   a  

p o s i t i o n   is  s e i z e d .   A l s o   s t o r e d   a r e   t h r e e   t ime   t h r e s h o l d s  

T1,  T2  and  T3  whose   u se   is  d i s c u s s e d   h e r e a f t e r   w i t h   r e s p e c t  

to  the   d y n a m i c   i n t e r f l o w   f e a t u r e .   In  a d d i t i o n ,   q u e u e  
c o n t r o l   400  c o n t a i n s   m a s t e r   f l a g   MF  ( f i e l d   410)  w h i c h   i s  

m a r k e d   i f   a l l   r e q u e s t s   in  the   q u e u e   a re   to  be  s e r v e d   b y  

o p e r a t o r   p o s i t i o n s   in  a n o t h e r   s y s t e m .   T h i s   f l a g   is  m a r k e d  

in  the   a s s u m e d   c a s e   of  n i g h t   t r a n s f e r   of  a l l   o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   to  a n o t h e r   s y s t e m .   T h a t   o t h e r   s y s t e m ,  

in  t h i s   c a s e ,   o p e r a t o r   a s s i s t a n c e   s y s t e m   2,  is  i d e n t i f i e d  



in  t h e   m a s t e r   s y s t e m   (MS)  p a r a m e t e r   s t o r e d   in  f i e l d   4 1 2 .  

A  r e m o t e   c a l l   in  one  s y s t e m   is   a  l o c a l   c a l l ,  

u s i n g   a  r e m o t e   o p e r a t o r   p o s i t i o n ,   in  a n o t h e r   s y s t e m .   T h e  

q u e u e   420  s t o r e s   r e q u e s t s   f o r   r e m o t e   as  w e l l   as  l o c a l  

c a l l s .   To  a c c o m m o d a t e   b o t h   l o c a l   and  r e m o t e   c a l l s ,   e a c h  

r e q u e s t ,   such   as  t h e   r e q u e s t   shown  in  q u e u e   4 2 0 ,   c o n t a i n s   a  

p r o c e s s   n u m b e r   422  (a  l i n k   to  the   p r o c e s s   b l o c k   4 5 0  

( F I G .   5)  c o n t a i n i n g   c a l l   d a t a )   and  a  l o c a l   s y s t e m  

n u m b e r   4 2 3 ,   t he   l a t t e r   u s e d   to  i d e n t i f y   t h e   l o c a l   s y s t e m   o f  

a  r e m o t e   c a l l .   For   t h e   e x e m p l a r y   c a l l ,   s y s t e m   1  is   t h e  

l o c a l   s y s t e m   and  s y s t e m   2  t he   r e m o t e   s y s t e m .   The  p r o c e s s  

n u m b e r   422  is   a l w a y s   a  l i n k   to  a  p r o c e s s   b l o c k   of  t h e  

s y s t e m   in  w h i c h   t h e   q u e u e   is  s t o r e d ,   i . e . ,   t h e   l o c a l   s y s t e m  

f o r   a  l o c a l l y   e n t e r e d   r e q u e s t   and  the   r e m o t e   s y s t e m   f o r   a  

r e q u e s t   e n t e r e d   f rom  a n o t h e r   s y s t e m .  

FIG.  5  shows   a  t y p i c a l   p r o c e s s   b l o c k   4 5 0 ,   one  o f  

many  s u c h   t h a t   a r e   p r e s e n t   in  e a c h   s y s t e m   when  t h a t   s y s t e m  
is  p r o c e s s i n g   many  c a l l s .   Each  p r o c e s s   b l o c k   c o n t a i n s  

p e r t i n e n t   i n f o r m a t i o n   r e q u i r e d   to  c o n t r o l   a  c a l l .   S u c h  

p r o c e s s   b l o c k s   a r e   u s e d   in  p r i o r   a r t   s y s t e m s .   In  the   c a s e  

of  t he   e x e m p l a r y   c a l l   u n d e r   d i s c u s s i o n ,   e a c h   of  t h e  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   1  and  2  has   a  p r o c e s s   b l o c k   f o r  

t h a t   c a l l .   The  p r o c e s s   b l o c k   f o r   t he   r e m o t e   s y s t e m  

( s y s t e m   2)  is  a c t i v e   o n l y   d u r i n g   t h e   t i m e   t h a t   t he   o p e r a t o r  

a s s i s t a n c e   r e q u e s t   is   a w a i t i n g   s e r v i c e   or  b e i n g   s e r v e d   i n  

t he   r e m o t e   s y s t e m .   P r o c e s s   c o n t r o l   b l o c k   4 6 0 ,   w i t h i n  

p r o c e s s   b l o c k   4 5 0 ,   c o n t a i n s   a  p r o c e s s   n u m b e r   462  u s e d   t o  

i d e n t i f y   the   p r o c e s s .   The  p r o c e s s   c o n t r o l   b l o c k   a l s o  

c o n t a i n s   the   i d e n t i f i c a t i o n   of  t h e   i n c o m i n g   t r u n k   or  l i n e  

n u m b e r   464;   t he   a s s o c i a t e d   o p e r a t o r   p o s i t i o n   n u m b e r   4 6 6 ;  

t he   n u m b e r   of  any  l i n k e d   p r o c e s s e s   468  ( s u c h   as  t he   p r o c e s s  

c o n t r o l l i n g   t he   o p e r a t o r   p o s i t i o n   at   t he   r e m o t e   o p e r a t o r  

a s s i s t a n c e   s y s t e m ) ;   f l a g s   SPF  ( s e n d i n g   p r o c e s s   f l a g )   4 7 2 ,  

s e t   when  the   c a l l   is  l o c a l   to  t h i s   s y s t e m   b u t   t he   o p e r a t o r  

p o s i t i o n   is  r e m o t e ,   and  APF  ( a c c e p t i n g   p r o c e s s   f l a g )   4 7 4 ,  

s e t   i f   t h e   p r o c e s s   b l o c k   is   f o r   t he   r e m o t e   s y s t e m ;   l o c a l  

s y s t e m   n u m b e r   476  and  r e m o t e   s y s t e m   n u m b e r   477  to  i d e n t i f y  



t h e   l o c a l   and  r e m o t e   s y s t e m s   f o r   t he   c a l l   a s s o c i a t e d   w i t h  

t he   p r o c e s s   b l o c k ;   and  a  c a l l   t y p e   i n d i c a t o r   478 .   I n  

a d d i t i o n ,   t he   p r o c e s s   b l o c k   c o n t a i n s   g e n e r a l   d a t a   a b o u t   t h e  

c a l l ,   such   as  b i l l i n g   d a t a   480  and  c i r c u i t   s w i t c h i n g  

n e t w o r k   d a t a   482  w h i c h   d e s c r i b e s   t he   c a l l   c o n f i g u r a t i o n .  

FIG.   6  shows  the   l a y o u t   of  m e s s a g e s   e x c h a n g e d  

b e t w e e n   the   p r o c e s s o r s  o f   c o o p e r a t i n g   o p e r a t o r   a s s i s t a n c e  .  

s y s t e m s   in  s e t t i n g   up  a  c a l l   u s i n g   a  r e m o t e   o p e r a t o r  

p o s i t i o n .   C a l l   r e q u e s t   m e s s a g e   500  is  u s e d   to  t r a n s m i t  

c a l l   d a t a   to  a  r e m o t e   s y s t e m   r e q u e s t i n g   t h a t   s y s t e m   t o  

c o n n e c t   an  o p e r a t o r   p o s i t i o n   of  t h a t   s y s t e m .   The  r e q u e s t  

i n c l u d e s   a  m e s s a g e   t y p e   501 ,   the   l o c a l   p r o c e s s   number   o f  

the   c a l l   5 0 2 ,   t h e   l o c a l   s y s t e m   i d e n t i f i c a t i o n   504 ,   and  t h e  

r e m o t e   s y s t e m   i d e n t i f i c a t i o n   505 .   The  m e s s a g e   t y p e   f i e l d  

is   u sed   in  c o n n e c t i o n   w i t h   t h i s   or  any  o t h e r   m e s s a g e   by  t h e  

o p e r a t i n g   s y s t e m   of  the   r e c e i v i n g   p r o c e s s o r   to  i n i t i a t e   t h e  

a p p r o p r i a t e   p r o g r a m   p r o c e s s   to  h a n d l e   any  r e c e i v e d   m e s s a g e .  
The  l o c a l   p r o c e s s   number   is  used   s u b s e q u e n t l y   to  l o c a t e   t h e  

p r o c e s s   b l o c k   a s s o c i a t e d   w i t h   the   c a l l   of  t he   m e s s a g e .   T h e  

l o c a l   and  r e m o t e   s y s t e m   i d e n t i f i c a t i o n s   a r e   used   to  r o u t e  

t h e   m e s s a g e   and  to  i n f o r m   the   r e m o t e   s y s t e m   of  the  i d e n t i t y  

of  t he   l o c a l   s y s t e m   to  be  s t o r e d   in  l o c a t i o n   476  of  p r o c e s s  

b l o c k   450  (F IG .   5)  when  t h a t   b l o c k   is  i n i t i a l i z e d   i n  

r e s p o n s e   to  m e s s a g e   500 .   In  a d d i t i o n ,   m e s s a g e   500  i n c l u d e s  

a  r e q u e s t   t y p e   f i e l d   506  to  i d e n t i f y   t h e   t y p e   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t   and  h e n c e   the   q u e u e   to  be  used   i n  

h a n d l i n g   t h i s   c a l l .   The  r e q u e s t   m e s s a g e   a l s o   i n c l u d e s   a  

d a t a   f i e l d   508  to  p a s s   c o n v e n t i o n a l   c a l l   d a t a   c o l l e c t e d   b y  

t h e   l o c a l   s y s t e m   to  t he   r e m o t e   s y s t e m .   T h i s   d a t a   is   u s e d  

to  i n i t i a l i z e   a  p r o c e s s   b l o c k   in  the   r e m o t e   s y s t e m ,   a n d ,  

s u b s e q u e n t l y ,   to  c o n t r o l   the   s e n d i n g   of  an  i n i t i a l   d i s p l a y  

c o n t r o l   m e s s a g e   to  a  c o n n e c t e d   o p e r a t o r   p o s i t i o n .  

A  r e m o t e   s e t u p   c o m p l e t e   m e s s a g e   510  i s  

t r a n s m i t t e d   by  the   r e m o t e   s y s t e m   when  i t   has   e s t a b l i s h e d   a  

c o n n e c t i o n   b e t w e e n   an  o p e r a t o r   p o s i t i o n   and  one  of  t h e  

o p e r a t o r   c o n n e c t i n g   t r u n k s   i n t e r c o n n e c t i n g   the   l o c a l   a n d  

t he   r e m o t e   s y s t e m .   The  r e m o t e   s e t u p   c o m p l e t e   m e s s a g e  



i n c l u d e s   t he   m e s s a g e   t y p e   511;  t he   l o c a l   p r o c e s s   512  a n d  

s y s t e m   514  n u m b e r s   f o r   r o u t i n g   the   m e s s a g e ;   t he   r e m o t e  

p r o c e s s   516  and  s y s t e m   518  n u m b e r s   f o r   s u b s e q u e n t l y  

l o c a t i n g   t he   p r o c e s s   b l o c k   in  t he   r e m o t e   s y s t e m   ( t h e   r e m o t e  

p r o c e s s   n u m b e r   i s   s t o r e d   in  l o c a t i o n   468  of  p r o c e s s  
b l o c k   450  ( F I G .   5 ) ) ,   and  t he   i d e n t i f i c a t i o n   of  the   o p e r a t o r  

c o n n e c t i n g   t r u n k   520  and  o p e r a t o r   p o s i t i o n   522  to  be  s t o r e d  

in  l o c a t i o n s   482  and  466  of  p r o c e s s   b l o c k   450  ( F I G .   5)  i n  

t h e   l o c a l   s y s t e m .   In  r e s p o n s e   to  t h e   r e m o t e   s e t u p   c o m p l e t e  

m e s s a g e ,   t h e   l o c a l   s y s t e m   r e m o v e s   a u d i b l e   t o n e   to  t h e  

o r i g i n a t i n g   c u s t o m e r .   F i n a l l y ,   a  l o c a l   s e t u p   c o m p l e t e   o r  

c o n f i r m a t i o n   m e s s a g e   530 ,   s e n t   by  t he   l o c a l   s y s t e m   to  t h e  

r e m o t e   s y s t e m   in  r e s p o n s e   to  t h e   r e m o t e   s e t u p   c o m p l e t e  

m e s s a g e   i n c l u d e s   t he   m e s s a g e   t y p e   531;   t he   l o c a l   p r o c e s s  

n u m b e r   532  and  s y s t e m   n u m b e r   534;   and  t h e   r e m o t e   p r o c e s s  
n u m b e r   536  and  s y s t e m   number   5 3 8 .   T h i s   m e s s a g e   s i m p l y  

c o n f i r m s   t h a t   a  p r o p e r   r e s p o n s e   was  made  by  t h e   l o c a l  

s y s t e m   to  m e s s a g e   510 ,   and  c o n t a i n s   no  new  d a t a .  

I n t e r m e d i a t e  m e s s a g e   540 ,   s e n t   by  e i t h e r   s y s t e m   a f t e r   t h e  

c o n f i r m a t i o n   m e s s a g e   bu t   b e f o r e   a  d i s c o n n e c t   o p e r a t o r  

p o s i t i o n   m e s s a g e ,   i n c l u d e s   the   m e s s a g e   t y p e   543;   l o c a l  

p r o c e s s   n u m b e r   542  and  s y s t e m   n u m b e r   544 ;   r e m o t e   p r o c e s s  
n u m b e r   546  and  s y s t e m   n u m b e r   548;   and  d a t a ,   t a i l o r e d   to  t h e  

s p e c i f i c   a c t i o n   of  the   i n t e r m e d i a t e   m e s s a g e .   D i s c o n n e c t  

o p e r a t o r   p o s i t i o n   m e s s a g e   550  i s   s e n t   when  t h e   r e m o t e  

p r o c e s s o r   r e c e i v e s   an  o p e r a t o r   p o s i t i o n   d i s c o n n e c t   r e q u e s t  

f rom  t h e   r e m o t e   o p e r a t o r   p o s i t i o n .   I t   i n c l u d e s   t he   m e s s a g e  

t y p e   555 ;   l o c a l   p r o c e s s o r   and  s y s t e m   n u m b e r s   ( 5 5 1 , 5 5 2 ) ;  

r e m o t e   p r o c e s s   and  s y s t e m   n u m b e r s   ( 5 5 3 , 5 5 4 ) ;   and  d a t a   5 5 6  

( s u c h   as  a  c a l l i n g   c a r d   n u m b e r )   a c c u m u l a t e d   by  the   r e m o t e  

p r o c e s s o r .  

F I G S .   7 -10   a r e   f l ow  d i a g r a m s   of  p r o g r a m s   f o r  

l o a d i n g   and  u n l o a d i n g   t he   q u e u e ,   and  f o r   r e s p o n d i n g   t o  

r e q u e s t s   u n l o a d e d   f rom  t he   q u e u e .   R e q u e s t s   a r e   l o a d e d   i n t o  

one  of  t h e   q u e u e s   4 2 0 , . . . , 4 3 1   when  t h e   c a l l   p r o c e s s i n g  

p r o g r a m   d e t e c t s   t he   need   f o r   o p e r a t o r   a s s i s t a n c e ,   i . e . ,   a n  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   ( a c t i o n   box  756 ,   FIG.  7 ) ,   a n d  



i d e n t i f i e s   t he   t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t   ( a c t i o n  

box  7 5 7 ) .   The  c a l l   p r o c e s s i n g   p r o g r a m   t h e n   c a u s e s   a  

r e q u e s t ,   c o m p r i s i n g   the   number   of  the   p r o c e s s   c o n t r o l l i n g  

t h a t   c a l l   and  t he   s y s t e m   n u m b e r ,   to  be  e n t e r e d   in  t he   q u e u e  
f o r   t h a t   t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t   ( a c t i o n  

box  758 ,   FIG.  7 ) .   The  queue   is  s e l e c t e d   on  t he   b a s i s   o f  

t h e   c a l l   t , p e   i n d i c a t o r   478  s t o r e d   in  t he   p r o c e s s   b l o c k   4 5 0  

of  t he   c a l   and  u p d a t e d   in  a  c o n v e n t i o n a l   m a n n e r   as  t h e  

c u s t o m e r   p r o v i d e s   i n f o r m a t i o n   by  d i a l i n g .   A  r e q u e s t  

e n t e r e d   i n t o   q u e u e   420  (FIG.   4)  i n c l u d e s   t he   p r o c e s s  
n u m b e r   422  and  t h e   s y s t e m   number   423 .   W i t h   t he   e x c e p t i o n  

of  t h e   e n t r y   of  t he   s y s t e m   number   as  p a r t   of  t he   r e q u e s t ,  
t h e   p r o c e s s   of  r e c o g n i z i n g   the   need   f o r   o p e r a t o r   a s s i s t a n c e  

and  e n t e r i n g   a  r e q u e s t   i n t o   the   p r o p e r   q u e u e   is   the   same  a s  

f o r   a  c o n v e n t i o n a l   c a l l   in  a  p r i o r   a r t   s y s t e m .   The  s y s t e m  

n u m b e r   is  n e e d e d   to  i d e n t i f y   a  r e m o t e   r e q u e s t   ( s e e  

d e s c r i p t i o n   of  t e s t   713 ,   FIG.  8,  b e l o w ) .  

At  some  l a t e r   t i m e ,   d e t e r m i n e d   by  a  s c h e d u l e r  

t h a t   is  p a r t   of  t he   o p e r a t i n g   s y s t e m ,   the   q u e u e   4 2 0  

( F I G .   4)  is  t e s t e d   in  a  c o n v e n t i o n a l   m a n n e r   ( t e s t   7 1 0 ,  

FIG.   8)  to  see   i f   t h e r e   a re   any  r e q u e s t s   in  t he   q u e u e .   I f  

n o t ,   o t h e r   work  is   r e s u m e d   ( a c t i o n   box  7 1 2 ) .   O t h e r w i s e ,  

t e s t   713  t e s t s   t he   n e x t   r e q u e s t   to  see  i f   t he   r e q u e s t   i s  

l o c a l ,   i . e . ,   w h e t h e r   the   s y s t e m   number   422  (F IG .   4)  of  t h e  

r e q u e s t   is  t he   s y s t e m   n u m b e r ,   s t o r e d   in  a  s t a n d a r d   l o c a t i o n  

when  the   s y s t e m   is  i n i t i a l i z e d ,   of  t h i s   s y s t e m .   I f   t h e  

r e q u e s t   is  a  l o c a l   o n e ,   the   m a s t e r   f l a g   MF  410  (F IG .   4)  i s  

t e s t e d   ( t e s t   7 1 4 ) .   I f   t h i s   f l a g   is  s e t ,   a l l   r e q u e s t s   i n  

t h e   q u e u e   a r e   s e r v e d   by  o p e r a t o r   p o s i t i o n s   a t   a  r e m o t e  

o p e r a t o r   a s s i s t a n c e   s y s t e m ;   t h i s   f l a g   is  s e t ,   f o r   e x a m p l e ,  

when  n i g h t   t r a n s f e r   is  a c t i v a t e d .   For  t he   p r e s e n t ,   we  a r e  

a s s u m i n g   t h a t   t he   n i g h t   t r a n s f e r   f e a t u r e   has   b e e n   a c t i v a t e d  

and  the   MF  f l a g   is  s e t   to  1;  t h e r e f o r e ,   a  c a l l   r e q u e s t  

m e s s a g e   500  ( F I G .   6)  is  s e n t   ( a c t i o n   box  724)  to  the   r e m o t e  

s y s t e m .  

The  c a l l   r e q u e s t   m e s s a g e   500  (FIG.   6)  c o n t a i n s  

t h e   l o c a l   p r o c e s s   ( 5 0 2 )   and  s y s t e m   (504)   n u m b e r s   o b t a i n e d  



f rom  f i e l d s   422  and  423  of  t he   r e q u e s t   in  q u e u e   4 2 0  

(F IG .   5 ) ;   t he   r e m o t e   s y s t e m   n u m b e r   505 ,   o b t a i n e d   f rom  t h e  

m a s t e r   s y s t e m   MS  f i e l d   412  of  t he   q u e u e   c o n t r o l   b l o c k   4 0 0  

( F I G .   5 ) ;   a  m e s s a g e   t y p e   i n d i c a t o r   501 ,   d e r i v e d   h e r e ,   a s  

e l s e w h e r e   in  t h i s   d e s c r i p t i o n ,   f rom  the   c h a r a c t e r   of  t h e  

p r o g r a m   b e i n g   e x e c u t e d   when  a  m e s s a g e   is   g e n e r a t e d ;   t h e  

t y p e   of  o p e r a t o r   a s s - s t a n c e   r e q u e s t   506 ,   o b t a i n e d   f r o m  

r e q u e s t   t y p e   405  of  q u e u e   c o n t r o l   b l o c k   400;   and  c a l l  

d a t a   508  c o n t a i n i n g   a l l   d a t a ,   p r e v i o u s l y   s t o r e d   in  p r o c e s s  

b l o c k   4 5 0 ,   r e q u i r e d   =o  c o n t r o l   a  c o n v e n t i o n a l   o p e r a t o r  

d i s p l a y   and  to  r e s p o n d   to  c o n v e n t i o n a l   r e q u e s t s   k e y e d   in  b y  

the   o p e r a t o r .   T h i s   m e s s a g e   i s   r e c e i v e d   by  p r o c e s s o r   151  o f  

the   r e m o t e   s y s t e m   2  ' a c t i o n   box  800 ,   FIG.  1 1 ) ,   w h i c h   t h e n  

i n i t i a l i z e s   a  p r o c e s s   b l o c k   ( a c t i o n   box  802 ,   FIG.  11)  w i t h  

d a t a   o b t a i n e d   f rom  c a l l   r e q u e s t   m e s s a g e   500  f o r   f u r t h e r  

c o n t r o l l i n g   t h i s   o p e r a t o r   a s s i s t a n c e   r e q u e s t   in  the   r e m o t e  

o f f i c e .   The  p r o c e s s c r   151  of  t he   r e m o t e   s y s t e m   2  t h e n  

m a k e s   an  e n t r y   ( a c t i o n   box  8 0 4 ,   FIG.  11)  in  i t s   own  

q u e u e   420  ( F I G .   4)  c o m p r i s i n g   t h e   r e m o t e   p r o c e s s   n u m b e r   4 2 2  

and  t he   l o c a l   s y s t e m   n u m b e r   423  so  t h a t   a  c o n n e c t i o n   to  a n  

o p e r a t o r   p o s i t i o n   may  s u b s e q u e n t l y   be  s e t   up  in  t h e   r e m o t e  

s y s t e m .   F u r t h e r   p r o c e s s i n g   of  t he   c a l l ,   as  i t   i s   p r o c e s s e d  

in  o p e r a t o r   a s s i s t a n c e   s y s t e m   2,  is   d e s c r i b e d   b e l o w   w i t h  

r e s p e c t   to  t h e   p r o c e s s i n g   of  a  r e m o t e   r e q u e s t   ( F I G .   1 1 ) .  

C o n s i d e r   now  t he   c a s e   in  w h i c h   n i g h t   t r a n s f e r   i s  

n o t   a c t i v e .   I f   t he   w a s t e r   f l a g   is  no t   s e t   and  none   of   t h e  

s e n d   f l a g s   S F 1 , S F 2 , . . . ,   whose   p u r p o s e   is   d i s c u s s e d  

h e r e a f t e r   w i t h   r e s p e c t   to  d y n a m i c   i n t e r f l o w ,   a r e   s e t   ( t e s t  

7 1 6 ,   FIG.  8 ) ,   t e s t   750  (F IG .   9)  w h i c h   t e s t s   f o r  

a v a i l a b i l i t y   of  a c t i v e   o p e r a t o r   p o s i t i o n s ,   is  c a r r i e d   o u t .  

A  t e s t   f o r   a v a i l a b i l i t y   of  an  a c t i v e   o p e r a t o r   p o s i t i o n   i s  

s i m i l a r   to  a  t e s t   f o r   a v a i l a b i l i t y   of  a  t r u n k   or   s e r v i c e  

c i r c u i t ;   t e c h n i q u e s   f o r   m a i n t a i n i n g   such   a v a i l a b i l i t y  

s t a t u s   a r e   w e l l   known  in  t he   a r t .   I f   no  p o s i t i o n s   a r e  

a v a i l a b l e ,   a c t i o n s   a s s o c i a t e d   w i t h   d y n a m i c   i n t e r f l o w  

( F I G .   1 0 ) ,   to  be  d e s c r i b e d   h e r e a f t e r ,   a r e   p e r f o r m e d .   I f   a n  

a c t i v e   o p e r a t o r   p o s i t i o n   is   a v a i l a b l e ,   a  c o n v e n t i o n a l  



o p e r a t o r   a s s i s t a n c e   c o n n e c t i o n   is  s e t   up:  a  l o c a l  

c o n n e c t i o n   to  t he   o p e r a t o r   p o s i t i o n   is  s e t   up  and  a n  

i n i t i a l   d i s p l a y   c o n t r o l   m e s s a g e   is   s e n t   to  the   p o s i t i o n  

( a c t i o n   box  7 5 a ,   FIG.  9)  in  the   c o n v e n t i o n a l   way  ( l o c a l  

s y s t e m   o n l y )   of  h a n d l i n g   an  o p e r a t o r   a s s i s t a n c e   r e q u e s t .  

S u b s e q u e n t l y ,   t he   q u e u e   p r o c e s s i n g   l o o p   is  r e e n t e r e d   a t  

t e s t   710  (F IG .   8 ) .  

I f   t t e   r e s u l t   of  t e s t   713  (F IG .   8 ) ,   d e s c r i b e d  

a b o v e ,   i n d i c a t e s   t h a t   t h e   r e q u e s t   is  no t   a  l o c a l   r e q u e s t ,  

t h e n   t h i s   s y s t e m   is   t h e   r e m o t e   s y s t e m   f o r   t h i s   r e q u e s t .  

T h i s   s i g n i f i e s   t h a t   t he   r e q u e s t   was  p l a c e d   in  t h i s   q u e u e  

upon  r e c e i p t   of  a  c a l l   r e q u e s t   m e s s a g e   f rom  a n o t h e r  

o p e r a t o r   a s s i s t a n c e   s y s t e m   (F IG.   11,  a c t i o n   b o x e s   8 0 0 ,   8 0 2 ,  

and  8 0 4 ) .   T h e r   t e s t   768  (FIG.   9)  t e s t s   f o r   t h e  

a v a i l a b i l i t y   of  an  a c t i v e   o p e r a t o r   p o s i t i o n .   I f   none   a r e  

a v a i l a b l e ,   t he   q u e u e   p r o c e s s i n g   l o o p   is   r e e n t e r e d   a t  

t e s t   710  (F IG .   8)  so  t h a t   i f   t h e r e   a r e   more  r e q u e s t s   in  t h e  

q u e u e ,   the   t e s t s   a s s o c i a t e d   w i t h   l o c a l   s y s t e m   r e q u e s t s   m a y  
be  p e r f o r m e d   b e f o r e   s e r v i c i n g   of  t he   q u e u e   is  c o m p l e t e d .  

I f   an  a c t i v e   o p e r a t o r   p o s i t i o n   i s   a v a i l a b l e ,   a  t e s t   is   m a d e  

( t e s t   770 ,   FIG.  9)  to  see   i f   t h e r e   any  a v a i l a b l e   o p e r a t o r  

c o n n e c t i n g   t r u r k s   to  t h e   l o c a l   s y s t e m   of  t h a t   r e q u e s t .   I f  

none   a r e   a v a i l a b l e ,   t h e   q u e u e   p r o c e s s i n g   p r o g r a m   i s  

r e e n t e r e d   at  t e s t   710  ( F I G .   8)  f o r   the   same  r e a s o n  

d i s c u s s e d   i m m e d i a t e l y   a b o v e .   I f   an  o p e r a t o r   c o n n e c t i n g  

t r u n k   is   a v a i l a b l e ,   ( t h i s   is  t he   s i t u a t i o n   e n c o u n t e r e d   i n  

s y s t e m   2  in  p r o c e s s i n g   t h e   e x e m p l a r y   c a l l   f o l l o w i n g   t h e  

r e c e p t i o n   of  t h e   c a l l   r e q u e s t   m e s s a g e   f rom  the   s y s t e m   1 ) ,  

the   o p e r a t o r   p o s i t i o n   and  c o n n e c t i n g   t r u n k   a re   c o n n e c t e d  

and  a  c o n v e n t i o n a l   i n i t i a l   d i s p l a y   c o n t r o l   m e s s a g e   is   s e n t  

to  t h e   o p e r a t o r   p o s i t i o n   ( a c t i o n   box  772,   FIG.  9 ) .   T h e  

v o i c e   c o n n e c t i o n   to  t he   o p e r a t o r   p o s i t i o n   ( o p e r a t o r  

p o s i t i o n   160  in  t he   e x e m p l a r y   c a l l )   is  s e t   up  in  c i r c u i t  

s w i t c h   154  and  t h e   i n i t i a l   d i s p l a y   c o n t r o l   m e s s a g e   i s   s e n t  

f rom  p r o c e s s o r   151  v i a   d a t a   s w i t c h   155.   A  r e m o t e   s e t u p  

c o m p l e t e   m e s s a g e   510  ( F I G .   6)  is  s e n t   ( a c t i o n   box  7 7 4 ,  

FIG.  9)  to  t he   l o c a l   s y s t e m .   ( T h i s   m e s s a g e   is  s e n t   in  t h e  



e x e m p l a r y   c a l l   e x a m p l e   f rom  p r o c e s s o r   151  v i a   p a c k e t   s w i t c h  

n e t w o r k s   155  and  105  and  v i a   d a t a   t r a n s m i s s i o n   f a c i l i t y   140  

to  p r o c e s s o r   101  of  t he   l o c a l   s y s t e m   ( s y s t e m   1 ) . )   T h e  

q u e u e   c o n t r o l   p r o g r a m   t h e n   r e e n t e r s   t he   q u e u e   p r o c e s s i n g  

l o o p   by  r e p e a t i n g   t e s t   710  (F IG .   8)  to  see   i f   t h e r e   a r e   a n y  
f u r t h e r   r e q u e s t s   in  t he   q u e u e .  

FIG.   11  c o n s i s t s   of  a  g r o u p   of  f l o w   c h a r t s  

i l l u s t r a t i n g   t he   p r o g r a m   f o r   h a n d l i n g   d i f f e r e n t   p h a s e s   of  a  

r e m o t e   c a l l .   The  r e s p o n s e   ( a c t i o n   b o x e s ,   8 0 0 ,   8 0 2  

and  804)   by  a  r e m o t e   s y s t e m   to  a  c a l l   r e q u e s t   m e s s a g e   h a s  

a l r e a d y   been   d i s c u s s e d   w i t h   r e s p e c t   to  c a l l   r e q u e s t  

m e s s a g e   500  (F IG .   6 ) ,   as  has   t he   p r o c e s s i n g   of  a  r e m o t e  

r e q u e s t   in  a  q u e u e   ( a c t i o n   b o x e s   772  and  774  FIG.   9 

d i s c u s s e d   in  t he   p r e v i o u s   p a r a g r a p h ) .   A c t i o n   b o x e s  

8 1 2 ,   8 1 4 ,   and  816  i l l u s t r a t e   t he   a c t i o n s   r e q u i r e d   to   b e  

p e r f o r m e d   in  t he   l o c a l   s y s t e m   upon  r e c e i p t   of  t he   r e m o t e  

s e t u p   c o m p l e t e   m e s s a g e   510  (F IG .   6)  s e n t   in  a c t i o n   box  7 7 4  

( F I G .   9 ) .   The  m e s s a g e   is   r e c e i v e d   in  t h e   l o c a l   s y s t e m  

( a c t i o n   box  8 1 2 ) .   A  c o n n e c t i o n   is   s e t   up  ( a c t i o n   box  8 1 4 )  

b e t w e e n   t h e   o p e r a t o r   c o n n e c t i n g   t r u n k   s p e c i f i e d   i n  

f i e l d   520  of  m e s s a g e   510  and  the   i n c o m i n g   l i n e   or  t r u n k  

s t o r e d   in  l o c a t i o n   464  of   p r o c e s s   450  (F IG .   5 ) .   T h i s  

a l l o w s   the   o p e r a t o r   a t   t he   r e m o t e   o p e r a t i n g   p o s i t i o n   t o  

c o m m u n i c a t e   w i t h   t h e   o r i g i n a t i n g   c u s t o m e r .   N e x t ,   t h e   l o c a l  

s y s t e m   s e n d s   a  l o c a l   s e t u p   c o m p l e t e   m e s s a g e   530  (F IG .   6 )  

b a c k   to  t he   r e m o t e   o f f i c e   to  c o n f i r m   t h a t   t h e   r e q u e s t e d  

a c t i o n s   have   been   c o m p l e t e d   ( a c t i o n   box  8 1 6 ) .  

In  t he   e x a m p l e   c a l l   b e i n g   c o n s i d e r e d   in  t h i s  

c a s e ,   a  p e r s o n - t o - p e r s o n   c a l l ,   no  c o n n e c t i o n   has   b e e n   s e t  

up  f rom  t he   o r i g i n a t i n g   c u s t o m e r   to  t he   t e r m i n a t i n g  

c u s t o m e r   at   t h e   t i m e   t h e   o p e r a t o r   a s s i s t a n c e   r e q u e s t   i s  

r e c o g n i z e d ,   so  t h a t   t h e   i n i t i a l   c o n n e c t i o n   to  t h e   o p e r a t o r  

p o s i t i o n   is   s i m p l y   to  t h e   i n c o m i n g   l i n e   or  t r u n k .   H o w e v e r ,  

in  t he   c a s e   of  o t h e r   o p e r a t o r   i n t e r v e n t i o n s   s u c h   as  a n  

o p e r a t o r   r e q u e s t   f o r   c o i n   o v e r t i m e   d e p o s i t ,   a  c o n n e c t i o n  

may  a l r e a d y   be  e s t a b l i s h e d   in  w h i c h   c a s e   t he   o p e r a t o r  

s i m p l y   b r i d g e s   o n t o   t h a t   e x i s t i n g   c o n n e c t i o n .   For  a n  



o p e r a t o r   a s s i s t a n c e   r e q u e s t   s e r v e d   f r o m  a   r e m o t e   o p e r a t o r  

p o s i t i o n ,   t h i s   is   a c c o m p l i s h e d   by  b r i d g i n g   the   o p e r a t o r  

c o n n e c t i n g   t r u n k   o n t o   t h a t   e x i s t i n g   c o n n e c t i o n .   A  l o c a l l y  

s e r v e d   o p e r a t o r   a s s i s t a n c e   r e q u e s t   of  t h i s   t y p e   i s  

p r o c e s s e d   c o n v e n t i o n a l l y .  

In  the   c a s e   of  a  p e r s o n - t o - p e r s o n   c a l l   such   a s  

t h e   e x e m p l a r y   c a l l ,   a f t e r   the   o p e r a t o r   has   c o m m u n i c a t e d  

w i t h   t he   o r i g i n a t i n g   c u s t o m e r   and  r e c o g n i z e d   t h a t   a  p e r s o n -  

t o - p e r s o n   c a l l   is  to  be  s e t   up,  t h e   o p e r a t o r   keys   a  r e q u e s t  

a s k i n g   t h a t   the   c a l l   be  s e t   up  and  t h a t   t he   o p e r a t o r   r e m a i n  

c o n n e c t e d   to  t he   c a l l   a f t e r   such   s e t u p .   T h i s   r e q u e s t   i s  

r e c e i v e d   in  p r o c e s s o r   151  of  the   r e m o t e   s y s t e m   ( a c t i o n  

box  8 4 0 ) .   A  t e s t   ( t e s t   842)  is  made  to  see   w h e t h e r   t h i s  

r e q u e s t   has   been   made  f o r   a  l o c a l l y   p r o c e s s e d   c a l l   ( i . e . ,  

one   in  w h i c h   the   o p e r a t o r   p o s i t i o n   is   in  t he   o p e r a t o r  

a s s i s t a n c e   s y s t e m   in  w h i c h   the   o p e r a t o r   a s s i s t a n c e   r e q u e s t  

was  d e t e c t e d ) .   I f   t h i s   is  a  l o c a l l y   p r o c e s s e d   c a l l ,   t h e  

c o n v e n t i o n a l   c a l l   s e t u p   f u n c t i o n s   a r e   p e r f o r m e d   ( a c t i o n  

box  8 4 4 ) .   I f   n o t ,   an  i n t e r m e d i a t e   m e s s a g e   540  (FIG.   6)  i s  

s e n t   to  t he   l o c a l   s y s t e m   ( s y s t e m   1)  r e q u e s t i n g   t h a t   a  c a l l  

be  s e t   up  and  t h a t   t he   o p e r a t o r   p o s i t i o n   c o n t i n u e   to  b e  

c o n n e c t e d   to  the   c a l l   ( a c t i o n   box  8 4 6 ) .   In  t h i s   c a s e ,   d a t a  

f i e l d   541  s p e c i f i e s   o n l y   t he   t y p e   of  t he   r e q u e s t   c o n v e y e d  

by  t h e   m e s s a g e   s i n c e   a l l   n e c e s s a r y   d a t a   i s   a v a i l a b l e   in  t h e  

p r o c e s s   b l o c k   450  ( F I G .   5)  of  t he   l o c a l   s y s t e m .  

In  r e s p o n s e   to  the   r e c e i p t   of  m e s s a g e   5 4 0 ,  

( a c t i o n   box  8 5 0 ) ,   l o c a l   s y s t e m   1  s e t s   up  t he   r e q u e s t e d   c a l l  

v i a   o u t g o i n g   t r u n k   130  (F IG.   1)  w h i l e   r e t a i n i n g   t h e  

c o n n e c t i o n   ( a c t i o n   box  852)  b e t w e e n   t he   o r i g i n a t i n g  

c u s t o m e r   and  the   o p e r a t o r   c o n n e c t i n g   t r u n k   125,   c o n n e c t e d  

in  o p e r a t o r   a s s i s t a n c e   s y s t e m   2  to  t he   o p e r a t o r  

p o s i t i o n   160.   The  c a l l   can  be  s e t   up  in  the   l o c a l   s y s t e m  

b e c a u s e   the   i n i t i a l   d a t a   d i a l e d   by  t he   o r i g i n a t i n g   c u s t o m e r  

h a s   b e e n   r e t a i n e d   in  t h e   p r o c e s s   b l o c k   c o n t r o l l i n g   the   c a l l  

in  o p e r a t o r   a s s i s t a n c e   s y s t e m   1.  The  o p e r a t o r   p o s i t i o n   i s  

b r i d g e d   o n t o   the   c o n n e c t i o n   b e t w e e n   c a l l i n g   and  c a l l e d  

c u s t o m e r s .  



A f t e r   t he   c a l l   from  the   c a l l i n g   c u s t o m e r   to  t h e  

c a l l e d   c u s t o m e r   has   b e e n   s e t   up,  w h i c h   may  r e q u i r e  

c o n n e c t i o n s   in  o t h e r   s w i t c h e s   b e s i d e s   o p e r a t o r   a s s i s t a n c e  

s y s t e m   1,  t he   o p e r a t o r   v e r i f i e s   t h a t   the   r e q u e s t e d   c a l l e d  

i n d i v i d u a l   is   now  on  t h e   phone   and  t h a t   t he   p e r s o n - t o -  

p e r s o n   c a l l   has   t h e r e f o r e   been   s a t i s f a c t o r i l y   e s t a b l i s h e d .  

At  t h i s   p o i n t ,   t he   o p e r a t o r   k e y s   a  c o n v e n t i o n a l   r e q u e s t   t o  

be  d i s c o n n e c t e d   f rom  t h e   c u s t o m e r   c o n n e c t i o n   and  to  s t a r t  

c h a r g i n g   f o r   t h e   c a l l . .   The  r e s p o n s e   to  t he   o p e r a t o r  

r e q u e s t   is  i l l u s t r a t e d   in  FIG.  11  in  the   p r o g r a m   s e q u e n c e  

s t a r t i n g   w i t h   a c t i o n   box  860  in  w h i c h   a  p r o c e s s o r  

( p r o c e s s o r   151  in  t h i s   c a s e )   r e c e i v e s   t h i s   r e q u e s t .   I n  

t e s t   8 6 2 ,   a  c h e c k   is  made  w h e t h e r   t h i s   is  a  c a l l   b e i n g  

s e r v e d   by  an  o p e r a t o r   p o s i t i o n   at   t he   same  s y s t e m   as  t h e  

i n c o m i n g   c a l l ,   i . e . ,   a  l o c a l   o p e r a t o r   p o s i t i o n .   I f   s o ,   t h e  

c o n v e n t i o n a l   o p e r a t o r   d i s c o n n e c t   o p e r a t i o n s   a r e   c o m p l e t e d  

( a c t i o n   box  8 6 3 ) .   I f   n o t ,   (as   in  t he   c a s e   of  t he   e x e m p l a r y  

c a l l ) ,   t he   r e m o t e   o p e r a t o r   is   d i s c o n n e c t e d   f rom  t h e  

o p e r a t o r   c o n n e c t i n g   t r u n k   ( a c t i o n   box  864)  and  a  d i s c o n n e c t  

o p e r a t o r   p o s i t i o n   m e s s a g e   550  (F IG .   6)  is   s e n t   to  t he   l o c a l  

s y s t e m   ( a c t i o n   box  8 6 6 ) .   T h i s   d i s c o n n e c t   o p e r a t o r   p o s i t i o n  

m e s s a g e   i n c l u d e s   a l l   p e r t i n e n t   d a t a   g a t h e r e d   by  t h e  

o p e r a t o r ,   k e y e d   i n t o   t h e   o p e r a t o r   p o s i t i o n ,   and  s t o r e d   i n  

t h e   p r o c e s s   b l o c k   450  of  the   r e m o t e   s y s t e m .   In  t h e  

e x e m p l a r y   c a l l ,   t h i s   d a t a   would   i n c l u d e   t he   i d e n t i f i c a t i o n  

of  t h e   t y p e   of  c h a r g e   ( p e r s o n - t o - p e r s o n )   and  t he   t i m e   w h e n  

c h a r g i n g   b e g i n s .   I f   t he   c a l l   is  a  c r e d i t   c a r d   c a l l   and  t h e  

c u s t o m e r   has   v e r b a l l y   s u p p l i e d   t he   c a l l i n g   c a r d   n u m b e r   t o  

t h e   o p e r a t o r ,   t h a t   n u m b e r ,   w h i c h   wou ld   have   been   k e y e d   b y  

t h e   r e m o t e   o p e r a t o r ,   w o u l d   a l s o   be  p a r t   of  t h i s   d a t a .   T h e  

o p e r a t o r   p o s i t i o n   is   t h e n   made  a v a i l a b l e   ( a c t i o n   box  8 6 7 )  

and  o t h e r   work  can   be  r e s u m e d   ( a c t i o n   box  868)  by  t h e  

a s s o c i a t e d   p r o c e s s o r   ( p r o c e s s o r   151  of  t he   r e m o t e   s y s t e m   i n  

t h i s   c a s e ) .  

The  d i s c o n n e c t   o p e r a t o r   m e s s a g e   550  ( F I G .   6)  i s  

r e c e i v e d   in  t h e   p r o c e s s o r   ( p r o c e s s o r   101  f o r   t he   e x e m p l a r y  

c a l l )   of  t he   l o c a l   s y s t e m   ( a c t i o n   box  870 ,   FIG.  1 1 ) .   B a s e d  



on  t h e   m e s s a g e   t y p e   555 ,   i n d i c a t i n g   the   r e q u e s t e d   a c t i o n  

and  t h e   l o c a l   p r o c e s s   number   551 ,   i n d i c a t i n g   whe re   t h e  

l o c a l   p r o c e s s   b l o c k   450  w h i c h   c o n t a i n s   t he   p e r t i n e n t   d a t a  

is   to  be  f o u n d ,   the   o p e r a t o r   c o n n e c t i n g   t r u n k   s p e c i f i e d   i n  

o l o c k   482  of  p r o c e s s   b l o c k   450  is  d i s c o n n e c t e d   from  t h e  

c a l l   c o n n e c t i o n   ( a c t i o n   box  8 7 2 ) .   The  d a t a   556  i n  

m e s s a g e   550  is  c o m b i n e d   in  t he   l o c a l   s y s t e m   w i t h   o t h e r   c a l l  

d a t a   in  t h e   p r o c e s s   b l o c k   450  of  t he   l o c a l   s y s t e m   in  o r d e r  

to  u p d a t e   t he   b i l l i n g   r e c o r d s   a s s o c i a t e d   w i t h   t h a t   c a l l  

( a c t i o n   box  8 7 3 ) .   For  t h e   e x e m p l a r y   c a l l ,   t he   u p d a t i n g  

p r o c e s s   r e c o r d s   as  f o r   a  c o n v e n t i o n a l   c a l l   t h a t   t h i s   i s   a  

p e r s o n - t o - p e r s o n   c a l l   and  r e c o r d s   t he   t i m e   at   wh ich   t h e  

o p e r a t o r   i n d i c a t e d   c h a r g i n g   m i g h t   b e g i n .   F i n a l l y ,   o t h e r  

work  is  r e s u m e d   ( a c t i o n   box  874)  by  the   a s s o c i a t e d  

p r o c e s s o r   ( p r o c e s s o r   101  f o r   the   e x e m p l a r y   c a l l ) .  

The  p e r s o n - t o - p e r s o n   c a l l   has   i l l u s t r a t e d   t he   u s e  

of   an  i n t e r m e d i a t e   i n t e r - p r o c e s s o r   m e s s a g e   540  (FIG.   6)  t o  

c h a n g e   t he   c a l l   c o n f i g u r a t i o n .   For   c e r t a i n   o t h e r   c a l l s ,  

i n t e r m e d i a t e   m e s s a g e s   a re   used   by  t h e   r e m o t e   p r o c e s s o r   t o  

o b t a i n   d a t a   a v a i l a b l e   at  the   l o c a l   p r o c e s s o r .   For  e x a m p l e ,  

c o n d i t i o n s   may  e x i s t   in  w h i c h   t h e   o r i g i n a t i n g   c u s t o m e r   a t  

s y s t e m   1  m u s t   p r o v i d e   t h a t   c u s t o m e r ' s   d i r e c t o r y   n u m b e r  

v e r b a l l y   to  the   a s s i s t i n g   o p e r a t o r   at   s y s t e m   2  and  i t   may  

be  n e c e s s a r y   to  c h e c k   w h e t h e r   a  c e r t a i n   t y p e   of  o p e r a t o r  

a s s i s t e d   c a l l   is  a u t h o r i z e d   fo r   t h a t   d i r e c t o r y   n u m b e r .   T h e  

c u s t o m e r   f i r s t   p r o v i d e s   the   d i r e c t o r y   n u m b e r   v e r b a l l y   t o  

t h e   a s s i s t i n g   o p e r a t o r .   The  a s s i s t i n g   o p e r a t o r   keys   t h i s  

n u m b e r   i n t o   the   r e m o t e   o p e r a t o r   p o s i t i o n   160  w h i c h   p a s s e s  
t h i s   n u m b e r   to  the   r e m o t e   p r o c e s s o r   151  v i a   p a c k e t  

s w i t c h i n g   n e t w o r k   155.   P r o c e s s o r   151  t h e n   s e n d s   a n  

i n t e r m e d i a t e   m e s s a g e   540  to  l o c a l   p r o c e s s o r   101  i n q u i r i n g  

w h e t h e r   t he   r e q u e s t e d   o p e r a t o r   a s s i s t e d   c a l l   from  t h a t  

d i r e c t o r y   number   is  a u t h o r i z e d .   The  l o c a l   p r o c e s s o r   101 

r e s p o n d s   by  p r o v i d i n g   the   i n f o r m a t i o n   r e q u e s t e d .   T h e s e  

i n t e r p r o c e s s o r   m e s s a g e s   a r e   t r a n s m i t t e d   u s i n g   t h e  

i n t e r m e d i a t e   m e s s a g e   f o r m a t   i l l u s t r a t e d   in  m e s s a g e   5 4 0  

( F I G .   6 ) ,   w h i c h   i n c l u d e s   t he   m e s s a g e   t y p e   543  to  i d e n t i f y  



t h e   p r o g r a m   a s s o c i a t e d   w i t h   t he   p r o c e s s i n g   of  t h a t   m e s s a g e ,  
f u r t h e r   d a t a   541  ( s u c h   as  t he   d i r e c t o r y   n u m b e r   and  a n  
i d e n t i f i c a t i o n   of  t h e   s p e c i f i c   d a t a   r e q u e s t )   n e e d e d   t o  

p r o c e s s   t h e   r e q u e s t ,   and  t h e   p r o c e s s   and  s y s t e m   n u m b e r s   t o  

a l l o w   t he   m e s s a g e   to  be  r o u t e d   and  to  a l l o w   t h e   p r o c e s s  
b l o c k   c o n t a i n i n g   p e r t i n e n t   d a t a   to  be  l o c a t e d .  

In  t h e   e x e m p l a r y   c o n f i g u r a t i o n   u s e d   to  d e s c r i b e  

t h e   i l l u s t r a t i v e   p e r s o n - t o - p e r s o n   c a l l ,   t he   r e m o t e   o p e r a t o r  

p o s i t i o n   c o m m u n i c a t e s   w i t h   t he   p r o c e s s o r   of  t h e   r e m o t e  

s y s t e m .   As  a  r e s u l t ,   w h e n e v e r   a c t i o n s   a r e   r e q u i r e d   w h i c h  

c h a n g e   t h e   c o n f i g u r a t i o n   of  t he   c a l l   or  w h i c h   r e q u i r e   t h e  

o p e r a t o r   to  o b t a i n   d a t a   a v a i l a b l e   o n l y   a t   t h e   l o c a l   s y s t e m ,  

a  m e s s a g e   is  s e n t   b e t w e e n   t he   p r o c e s s o r s   of  t h e   l o c a l   a n d  

t h e   r e m o t e   s y s t e m s .   In  an  a l t e r n a t i v e   c o n f i g u r a t i o n ,   i n  

w h i c h   d e l a y s   f o r   t r a v e r s i n g   p a c k e t   s w i t c h i n g   n e t w o r k s   a r e  

m i n i m a l ,   t he   o p e r a t o r   p o s i t i o n   a t   t he   r e m o t e   s y s t e m  

c o m m u n i c a t e s   d i r e c t l y   w i t h   t h e   p r o c e s s o r   a t   t h e   l o c a l  

s y s t e m .   In  t h i s   a l t e r n a t i v e   c o n f i g u r a t i o n ,   t h e   d a t a  

p a t h   305  (F IG .   3)  f rom  d a t a   c o m m u n i c a t i o n   p a t h   1 4 0  

( c o n n e c t e d   to  p r o c e s s o r   101  v i a   d a t a   p a t h   301)   to  o p e r a t o r  

p o s i t i o n   160  v i a   p a c k e t   s w i t c h i n g   n e t w o r k   155  is   u s e d .  

B o t h   p r o c e s s o r s   m u s t   s t i l l   c o o p e r a t e   to   s e t   up  the   v o i c e  

c o n n e c t i o n   to  t he   r e m o t e   o p e r a t o r   p o s i t i o n   and  t o  

d i s c o n n e c t   t h a t   c o n n e c t i o n   in  t he   m a n n e r   r e f e r r e d   t o  

e a r l i e r   h e r e i n ,   b u t   o t h e r   i n t e r a c t i o n s   a r e   m i n i m i z e d   a n d  

t h e   a m o u n t   of  d a t a   t h a t   m u s t   f l o w   b e t w e e n   t he   t w o  

p r o c e s s o r s   is   a l s o   m i n i m i z e d .   F u r t h e r ,   t he   c o n t r o l  

s o f t w a r e   of  t h e   s y s t e m   is  s i m p l i f i e d .   In  t h e   i l l u s t r a t i v e  

p e r s o n - t o - p e r s o n   c a l l ,   the   l o c a l   p r o c e s s o r   can  d i r e c t l y  

i n i t i a t e   the   s e t t i n g   up  of  t he   c u s t o m e r   c a l l   w i t h o u t   t h e  

r e q u i r e m e n t   f o r   an  i n t e r m e d i a t e   m e s s a g e ;   t h e r e f o r e   t e s t   8 4 2  

and  a c t i o n   b o x e s   8 4 6 ,   850  and  852  can  be  e l i m i n a t e d   s i n c e  

o n l y   a c t i o n   box  844  is  n e e d e d .   For  t h e   c a s e   of  d a t a  

a v a i l a b l e   o n l y   to  t he   l o c a l   p r o c e s s o r   and  r e q u e s t e d   by  t h e  

r e m o t e   o p e r a t o r   p o s i t i o n ,   as  in  t he   a b o v e   e x a m p l e  

r e q u e s t i n g   a u t h o r i z e d   d a t a ,   t he   d a t a   may  be  f e t c h e d  

d i r e c t l y   by  the   l o c a l   p r o c e s s o r   w i t h o u t   r e q u i r i n g   a n  



e x c h a n g e   of  m e s s a g e s   b e t w e e n   l o c a l   and  r e m o t e   p r o c e s s o r s .  
The  p r e s e n t   e m b o d i m e n t   of  the   i n v e n t i o n   can  a l s o  

be  used   f o r   s t a t i c   i n t e r f l o w ,   i . e . ,   o p e r a t o r   c e n t r a l i z a t i o n  

f o r   one  t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t .   ( T h i s   i s  

e q u i v a l e n t   to  p e r m a n e n t   n i g h t   t r a n s f e r   f o r   t h a t   t y p e   o f  

r e q u e s t ) .   For   e x a m p l e ,   s y s t e m   2  may  have   a  s p e c i a l i z e d  

team  of  o p e r a t o r s   f o r   h a n d l i n g   c a l l s   of  a  c e r t a i n   t y p e ,  
such   as  i n t e r n a t i o n a l   c a l l s ,   w h i c h   none  of  t he   o p e r a t o r s  
a s s o c i a t e d   w i t h   s y s t e m   1  can  h a n d l e .   U n d e r   t h e s e  

c i r c u m s t a n c e s ,   t he   m a s t e r   f l a g   MF  410  wou ld   be  s e t   f o r   t h e  

q u e u e   f o r   s u c h   r e q u e s t s ,   and  t he   m a s t e r   s y s t e m   MS  412  w o u l d  

be  s e t   to  t h e   i d e n t i f i c a t i o n   of  s y s t e m   2.  T h e n ,   a l l   s u c h  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   d e t e c t e d   in  s y s t e m   1  wou ld   b e  

s e r v e d   by  o p e r a t o r   p o s i t i o n s   in  s y s t e m   2.  F u r t h e r ,   t h e r e  

a r e   o t h e r   s i t u a t i o n s   in  wh ich   s p e c i a l   s u b c a t e g o r i e s   o f  

c a l l s   may  a l w a y s   be  s e r v e d   by  d i f f e r e n t   o p e r a t o r s .   F o r  

e x a m p l e ,   i f   an  o p e r a t o r   a s s i s t a n c e   r e q u e s t   i s   s e r v e d   by  a n  

o p e r a t o r   in  s y s t e m   1  and  the   o p e r a t o r   in  s y s t e m   1 

r e c o g n i z e s   t h r o u g h   c o n v e r s a t i o n   w i t h   the   c u s t o m e r   t h a t   a  

S p a n i s h   s p e a k i n g   o p e r a t o r   is  n e e d e d   to  s e r v e   t h i s   r e q u e s t ,  

t h e   o p e r a t o r   in  s y s t e m   1  can  make  a  r e q u e s t   t h a t   t h i s  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   be  s e r v e d   by  an  o p e r a t o r   t h a t  

is  a  member   of  a n o t h e r   t e a m .   Members   of  t h i s   o t h e r   t e a m  

may  o n l y   be  a v a i l a b l e   at   o p e r a t o r   a s s i s t a n c e   s y s t e m   2 .  

U n d e r   t h e s e   c i r c u m s t a n c e s ,   a l l   such   c a l l s   w o u l d   be  s e r v e d  

u s i n g   o p e r a t o r   p o s i t i o n s   at  s y s t e m   2.  O p e r a t o r   a s s i s t a n c e  

s y s t e m   1  w o u l d   have   a  q u e u e   f o r   such   c a l l s   to  p e r m i t   t h e  

same  c o n t r o l   p r o g r a m s   to  c o n t r o l   t h e s e   c a l l s .  

D y n a m i c   I n t e r f l o w  

D y n a m i c   i n t e r f l o w   a l l o w s   t r a f f i c   to  f l o w   t o  

o p e r a t o r   p o s i t i o n s   in  a n y  o n e   of  s e v e r a l   d i f f e r e n t   r e m o t e  

o p e r a t o r   a s s i s t a n c e   s y s t e m s   a c c o r d i n g   to  t r a f f i c   c o n d i t i o n s  

as  t h e y   v a r y   f rom  moment   to  moment  in  t he   l o c a l   and  r e m o t e  

s y s t e m s .   The  o b j e c t i v e   is   to  p e r m i t   o p e r a t o r   p o s i t i o n s   i n  

s y s t e m s   w h i c h   do  no t   have   a  h e a v y   l o a d   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   to  a c c e p t   o p e r a t o r   a s s i s t a n c e   r e q u e s t s  

f rom  o t h e r   o p e r a t o r   a s s i s t a n c e   s y s t e m s   w h i c h   do  have  a  



h e a v y   o p e r a t o r   a s s i s t a n c e   r e q u e s t   l o a d .   In  t h e  

d e s c r i p t i o n ,   i t   is   a s s u m e d   t h a t   s y s t e m   1  is  o v e r l o a d e d   a n d  

s e n d s   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   to  s y s t e m   2;  b e c a u s e   t h e  

c o n f i g u r a t i o n   is   s y m m e t r i c a l ,   t h e   h e a v i l y   l o a d e d   o r  

o v e r l o a d e d   s y s t e m   c o u l d   a l s o   be  s y s t e m   2  w h i c h   w o u l d   s e n d  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   to   s y s t e m   1.  T h i s   a r r a n g e m e n t  

is  t h e n   e x t e n d e d   in  t he   d e s c r i p t i o n   a c c o m p a n y i n g   FIG.  14  t o  

a r r a n g e m e n t s   i n v o l v i n g   more   t h a n   two  o p e r a t o r   a s s i s t a n c e  

s y s t e m s .   The  p r o g r a m   f l o w   c h a r t s   of  FIG.  8  and  10  and  t h e  

q u e u e   c o n t r o l   b l o c k   400  ( F I G .   4)  a r e   a r r a n g e d   t o  

a c c o m m o d a t e   more   t h a n   two  s y s t e m s .  

To  h a n d l e   d y n a m i c   i n t e r f l o w ,   e a c h   s y s t e m   h a s  

m e a n s   f o r   m e a s u r i n g   t h e   l e v e l   of   o p e r a t o r   a s s i s t a n c e  

r e q u e s t   l o a d   f o r   e a c h   q u e u e   r e l a t i v e   to  t he   n u m b e r   o f  

a c t i v e   o p e r a t o r   p o s i t i o n s   f o r   t h e   t eam  s e r v i n g   t h a t   q u e u e ,  
and  f o r   d e t e c t i n g   a  l o a d   c o n d i t i o n   ( o v e r l o a d )   w h i c h   c a n n o t  

be  h a n d l e d   w i t h o u t   a  d e g r a d a t i o n   of  s e r v i c e   in  an  o p e r a t o r  

a s s i s t a n c e   s y s t e m .   When  s u c h   o v e r l o a d   is  d e t e c t e d   in  a  

l o c a l   s y s t e m ,   a  t r a n s f e r   r e q u e s t   m e s s a g e   570  (F IG .   12)  i s  

s e n t   to  one  or  more   r e m o t e   o p e r a t o r   a s s i s t a n c e   s y s t e m s   e a c h  

of  w h i c h   e x a m i n e s   i t s   own  l e v e l   of  l o a d   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   to  see   w h e t h e r   i t   can  in  f a c t   a c c e p t  

any  of  the   t r a f f i c   f rom  t h e   o t h e r   s y s t e m .   I f   so ,   t h e  

r e m o t e   o p e r a t o r   a s s i s t a n c e   s y s t e m   s e n d s   a  t r a n s f e r   p e r m i t  

m e s s a g e   580  (F IG .   12)  c o m p r i s i n g   t r a f f i c   c o n t r o l   d a t a  

s p e c i f y i n g   how  many  o p e r a t o r   a s s i s t a n c e   r e q u e s t s   i t   w i l l  

a c c e p t .   D u r i n g   p e r i o d s   of  e x t e n d e d   o v e r l o a d   in  one  l o c a l  

s y s t e m ,   r e p e a t e d   t r a n s f e r   r e q u e s t   and  t r a n s f e r   p e r m i t  

m e s s a g e s   a r e   e x c h a n g e d .   T h i s   t y p e   of  a r r a n g e m e n t   p r o t e c t s  

s e r v i c e   at   t h e   r e m o t e   s y s t e m   w h i l e   o f f e r i n g   t he   f a c i l i t y  

f o r   u s i n g   any  a v a i l a b l e   c a p a c i t y   in  the   r e m o t e   s y s t e m   f o r  

s e r v i n g   o v e r l o a d   c a l l s   in  t h e   l o c a l   s y s t e m .  

FIG.  12  is  a  l a y o u t   of  t he   m e s s a g e s   u sed   f o r  

c o n t r o l l i n g   t he   t r a n s f e r   of  c a l l s   to  be  h a n d l e d   by  o p e r a t o r  

p o s i t i o n s   a t   r e m o t e   o p e r a t o r   a s s i s t a n c e   s y s t e m s .  

M e s s a g e   560  is  a  m e s s a g e   to  t r a n s f e r   or  to  c a n c e l   t h e  

t r a n s f e r   of  a l l   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   of  a  



p a r t i c u l a r   c a l l   t y p e ,   i n c l u d i n g   a  u n i v e r s a l   c a l l   t y p e   u s e d  

f o r   t r a n s f e r r i n g   a l l   o p e r a t o r   a s s i s t a n c e   r e q u e s t s .   T h i s  

m e s s a g e ,   u s i n g   t h e   u n i v e r s a l   c a l l   t y p e ,   is  u s e d ,   f o r  

e x a m p l e ,   f o r   a c t i v a t i n g   or  r e v o k i n g   n i g h t   t r a n s f e r .   T h e  

m e s s a g e   s p e c i f i e s   t he   m e s s a g e   t y p e   561 ,   the   t y p e   o f  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   562 ,   and  the   i d e n t i t y   of  t h e  

l o c a l   s y s t e m   564  and  r e m o t e   s y s t e m   566.   Two  m e s s a g e   t y p e s  

a r e   u s e d ,   one  f o r   i n i t i a t i n g   a  t r a n s f e r ,   the   o t h e r   f o r  

c a n c e l i n g   t h e   t r a n s f e r ;   t h e   m e s s a g e   t y p e   a c t s   as  a n  

i n d i c a t o r   to  d i f f e r e n t i a t e   t he   c a n c e l   from  the   i n i t i a t i o r .  

The  t y p e   of  r e q u e s t   is  s p e c i f i e d   in  o r d e r   to  h a n d l e  

s i t u a t i o n s   in  w h i c h   t h e r e   a r e   a  number   of  q u e u e s   f o r  

h a n d l i n g   d i f f e r e n t   t y p e s   of  r e q u e s t s .   T h u s ,   i t   is   p o s s i t l e  

to  t r a n s f e r   a l l   r e q u e s t s   of  one  t y p e   w i t h o u t   a f f e c t i n g   t h e  

o t h e r   t y p e s   of  r e q u e s t s .   T h i s   is   done   in  t he   s t a t i c  

i n t e r f l o w   c a s e .   M e s s a g e   560  may  be  g e n e r a t e d   f rom  a  

s u p e r v i s o r ' s   t e r m i n a l   a t t a c h e d   to  a  n e t w o r k   t h a t   has   a c c e s s  

to  t he   c o n t r o l l e d   s y s t e m ,   s y s t e m   1  in  t h i s   c a s e .  

A l t e r n a t i v e l y ,   m e s s a g e   560  can  be  a r r a n g e d   to  be  g e n e r a t e d  

i n t e r n a l l y   a c c o r d i n g   to  a  p r e d e t e r m i n e d   s c h e d u l e ,   so  t h a t  

n i g h t   t r a n s f e r   is   a u t o m a t i c a l l y   i n v o k e d   at  n i g h t   a n d / o r   o n  

w e e k e n d s .  

In  o r d e r   to  a c t i v a t e   or  c a n c e l   n i g h t   t r a n s f e r   o r  

s t a t i c   i n t e r f l o w ,   an  a l l   r e q u e s t s   t r a n s f e r / c a n c e l   t r a n s f e r  

m e s s a g e   560  is   s e n t   to  t he   l o c a l   s y s t e m .   The  m e s s a g e   i s  

r e c e i v e d   ( a c t i o n   box  902 ,   FIG.  13)  and  in  r e s p o n s e ,   t h e  

m a s t e r   f l a g   (MF)  ( f i e l d   410 ,   FIG.  4)  is  s e t   ( t r a n s f e r )   o r  

r e s e t   ( c a n c e l   t r a n s f e r )   ( a c t i o n   box  904 ,   FIG.  13)  a c c o r d i n g  

to  t he   m e s s a g e   t y p e   f i e l d   561  (F IG .   1 2 ) .  

M e s s a g e s   570 ,   580  and  590  a re   used   f o r   d y n a m i c  

i n t e r f l o w .   T r a n s f e r   r e q u e s t   m e s s a g e   570  is  g e n e r a t e d   by  a n  

o p e r a t o r   a s s i s t a n c e   s y s t e m   w h i c h   has   r e c o g n i z e d   o v e r l o a d   i n  

one  t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t   and  r e q u e s t s   t h a t   a  

r e m o t e   s y s t e m   a c c e p t   some  o p e r a t o r   a s s i s t a n c e   r e q u e s t s   o f  

t h e   t y p e   whose   o v e r l o a d   has   been   r e c o g n i z e d .   T h i s   r e q u e s t  
i d e n t i f i e s   t he   t y p e   of  m e s s a g e   571 ,   the   t ype   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t   572 ,   t he   r e q u e s t i n g   ( l o c a l )   s y s t e m   5 7 3 ,  



and  the   r e q u e s t e d   ( r e m o t e )   s y s t e m   574 .   T r a n s f e r   p e r m i t  

m e s s a g e   580  is   s e n t   in  r e s p o n s e   to  a  t r a n s f e r   r e q u e s t  

m e s s a g e   and  s p e c i f i e s   the   m e s s a g e   t y p e   581 ,   t y p e   o f  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   whose   t r a n s f e r   is  b e i n g  

p e r m i t t e i   5 8 2 ,   t h e   number   of  r e q u e s t s ,   n,  f o r   w h i c h  

p e r m i s s i o n   to  t r a n s f e r   has   been   g r a n t e d   584 ,   and  t h e  

i d e n t i f i c a t i o n s   of  the   l o c a l   s y s t e m   586  and  r e m o t e   s y s t e m  

5 8 8 .   A  - r a n s f e r   p e r m i t   m e s s a g e   w i t h  n   ( f i e l d   584)   s e t   t o  

z e r o   is  a  p e r m i s s i o n - d e n i e d   m e s s a g e ,   s i n c e   p e r m i s s i o n   i s  

g r a n t e d   f o r   z e r o   r e q u e s t s .  

The  o v e r l o a d   d e t e c t i o n   p r o g r a m   745  ( F I G .   10)  f o r  

m a k i n g   the   d e c i s i o n   to  g e n e r a t e   a  t r a n s f e r   r e q u e s t  

m e s s a g e   570  w i l l   now  be  d e s c r i b e d .   In  t e s t   750  (F IG .   9 ,  

p r e v i o u s l y   d e s c r i b e d ) ,   a  c h e c k   is  made  f o r   the   a v a i l a b i l i t y  

of   an  o p e r a t o r   p o s i t i o n   to  h a n d l e   a  s p e c i f i c   o p e r a t o r  

a s s i s t a n c e   r e q u e s t   t y p e   in  t he   l o c a l   s y s t e m .   I f   n o  

o p e r a t o r   p o s i t i o n   is  a v a i l a b l e ,   a  c h e c k   of  a  r e q u e s t   f l a g  

RF  of   t he   q u e u e   c o n t r o l   b l o c k   ( f i e l d   407 ,   FIG.  4)  is   m a d e  

( t e s t   7 3 1 ,   FIG.  1 0 ) .   T h i s   r e q u e s t   f l a g   is   u sed   to  i n s u r e  

t h a t   a  t e s t   f o r   o v e r l o a d   is  no t   p e r f o r m e d   r e p e a t e d l y   a n d  

u n n e c e s s a r i l y .   I f   t he   r e q u e s t   f l a g   is   s e t ,   t h i s   is  a n  

i n d i c a t i c n   t h a t   a  t e s t   f o r   o v e r l o a d   has   p r e v i o u s l y   b e e n  

p e r f o r m e d   and  t h a t   i t   is  no t   n e c e s s a r y   to  r e p e r f o r m   t h i s  

t e s t   now.  In  t h a t   c a s e ,   o t h e r   work  is  r e s u m e d   ( a c t i o n  

box  7 3 3 ,   FIG.   1 0 ) .   I f   t he   r e q u e s t   f l a g   is   no t   s e t ,   a  c h e c k  

is   made  ( t e s t   732)   to  see  i f   t h e   e s t i m a t e d   d e l a y   f o r   t h e  

m o s t   r e c e n t   e n t r y   in  t he   q u e u e   e x c e e d s   an  u p p e r   t h r e s h o l d  

T1,  whose   v a l u e   is  s t o r e d   in  t h e   q u e u e   c o n t r o l   b l o c k   ( 4 0 0 ,  

FIG.   4 ) .   T h i s   u p p e r   t h r e s h o l d   T1  is   a  p a r a m e t e r   s e l e c t e d  

by  t h e   o p e r a t i n g   m a n a g e m e n t   of  the   o p e r a t o r   a s s i s t a n c e  

s y s t e m   and  can  be  a l t e r e d   when  n e c e s s a r y   by  a  s u p e r v i s o r y  

o p e r a t o r   or  t r a f f i c   s u p e r v i s o r   v i a   a  m e s s a g e .   T h e  

t h r e s h o l d   T1  is  s e l e c t e d   so  t h a t   s a t i s f a c t o r y   s e r v i c e   c a n  

be  p r o v i d e d   as  l o n g   as  t h a t   t h r e s h o l d   is  no t   e x c e e d e d .  

T h e r e f o r e ,   i f   t h e   e s t i m a t e d   d e l a y   is   no t   g r e a t e r   t h a n   t h a t  

t h r e s h o l d ,   t h e   s e r v i n g   of  the   o p e r a t o r   a s s i s t a n c e   r e q u e s t  

can  be  d e f e r r e d   and  o t h e r   work  can  be  r e s u m e d   ( a c t i o n  



box  7 3 4 ) .   I f   t he   e s t i m a t e d   d e l a y   e x c e e d s   t he   T1  t h r e s h o l d ,  

t h e n   a  t r a n s f e r   r e q u e s t   m e s s a g e   570  (F IG.   11)  is  s e n t   t o  

one  or  more  r e m o t e   s y s t e m s   ( a c t i o n   box  736 ,   FIG.  10)  a n d  

t h e   r e q u e s t   f l a g   is   s e t   ( a c t i o n   box  738 ,   FIG.  1 0 ) .   T h e  

o p e r a t i n g   s y s t e m   is   r e q u e s t e d   to  r e s e t   t he   RF  f l a g   a f t e r   a  

p e r i o d   of  t i m e ,   e . g . ,   f i v e   s e c o n d s   ( a c t i o n   box  739)  i n  

o r d e r   to  a l l o w   a  new  t r a n s f e r   r e q u e s t   to  be  h a n d l e d   a f t e r  

t h a t   t i m e .   F i v e   s e c o n d s   is  c h o s e n   as  a  c o m p r o m i s e   to  a v o i d  

s e n d i n g   e x c e s s i v e   t r a n s f e r   r e q u e s t   m e s s a g e s   b u t   to  p e r m i t  

new  t r a n s f e r   r e q u e s t s   to  be  h a n d l e d   w i t h i n   a  r e a s o n a b l e  

t i m e .   O t h e r   work   can  t h e n   be  r e s u m e d   ( a c t i o n   box  7 4 0 ,  

FIG.  1 0 ) .  

In  t h i s   e m b o d i m e n t   of  the   i n v e n t i o n ,   t h e  

e s t i m a t e d   d e l a y   is   u s e d   as  a  m e s s a g e   of  l e v e l   of  l o a d .   T h e  

d e l a y   is  c o m p u t e d   by  d i v i d i n g   the   number   of  c a l l s   in  t h e  

q u e u e   406  by  t he   n u m b e r   of  a c t i v e   o p e r a t o r   p o s i t i o n s   4 0 9 ,  

and  m u l t i p l y i n g   t h a t   q u o t i e n t   by  the   a v e r a g e   h o l d i n g  

t i m e   408  f o r   t h e   t y p e   of  r e q u e s t   s t o r e d   in  t h i s   q u e u e .   An 

a l t e r n a t i v e   a r r a n g e m e n t   is  to  r e c o r d   t he   t i m e   t h a t   e a c h  

e n t r y   is   l o a d e d   i n t o   t h e   q u e u e   and  to  see   how  l o n g   t h e  

o l d e s t   e n t r y   has   b e e n   in  t he   q u e u e   by  s u b t r a c t i n g   t h e   t i m e  

of  t h a t   e n t r y   f rom  t h e   p r e s e n t   t i m e .   Such  m e t h o d s   a r e   w e l l  

known  in  t he   a r t .   O v e r l o a d s   g e n e r a t e d   by  a  s u r g e   o f  

t r a f f i c   a r e   d e t e c t e d   more   r a p i d l y   by  the   c a l c u l a t i o n  

e s t i m a t i o n   t e c h n i q u e .  

When  a  r e m o t e   s y s t e m   r e c e i v e s   a  t r a n s f e r   r e q u e s t  

m e s s a g e   570  ( F I G .   12)  ( a c t i o n   box  920,   FIG.  1 3 ) ,   t he   r e m o t e  

s y s t e m   e s t i m a t e s   i t s   own  d e l a y .   The  r e m o t e   s y s t e m   c h e c k s  

( t e s t   924)   w h e t h e r   t h i s   e s t i m a t e d   d e l a y   e x c e e d s   a  t h r e s h o l d  

T2  whose   v a l u e   is   s t o r e d   in  the   q u e u e   c o n t r o l   b l o c k   4 0 0  

( F I G .   4 ) .   In  e a c h   s y s t e m ,   t h r e s h o l d   T2  is   s e l e c t e d   to  b e  

l o w e r   t h a n   t h e   t h r e s h o l d   T1  and  r e p r e s e n t s   a  v a l u e   a t   w h i c h  

t h e   r e m o t e   s y s t e m   can  a c c e p t   a d d i t i o n a l   t r a f f i c .   I f   t h e  

e s t i m a t e d   d e l a y   is  l e s s   t h a n   T2  and  the   r e m o t e   s y s t e m   i s  

t h e r e f o r e   a b l e   to  a c c e p t   a d d i t i o n a l   t r a f f i c ,   i t   g e n e r a t e s   a  

q u a n t i t y  n   to  i n d i c a t e   how  many  o p e r a t o r   a s s i s t a n c e  

r e q u e s t s   can  be  a c c e p t e d   i m m e d i a t e l y .   I f   t h e   e s t i m a t e d  



d e l a y   e x c e e d s   T2,  t h e n   t he   r e m o t e   s y s t e m   w i l l   d e n y   t h e  

r e q u e s t   by  s e t t i n g   t h e   q u a n t i t y  n   ( f i e l d   584 ,   FIG.  12)  t o  

z e r o   ( a c t i o n   box  9 2 6 ) .   In  e i t h e r   c a s e ,   t h e   r e m o t e   s y s t e m  

t h e n   s e n d s   a  t r a n s f e r   p e r m i t   m e s s a g e   580  (F IG .   1 2 )  

i n c l u d i n g   t h e   c a l c u l a t e d   p a r a m e t e r  n   of  t he   n u m b e r   o f  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   t h a t   can  be  a c c e p t e d   to  t h e  

l o c a l   s y s t e m   ( a c t i o n   box  930)  and  r e s u m e s   o t h e r   w o r k  

( a c t i o n   box  9 3 4 ) .  

In  t h i s   s p e c i f i c   e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e  

q u a n t i t y  n   is   c a l c u l a t e d   to  r e p r e s e n t   t h e   n u m b e r   o f  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   w h i c h   can  be  a c c e p t e d   w i t h o u t  

i n c r e a s i n g   t h e   e s t i m a t e d   d e l a y   b e y o n d   an  i n t e r m e d i a t e  

t h r e s h o l d   T3,  a l s o   s t o r e d   in  t he   queue   c o n t r o l   b l o c k ,   w h o s e  

v a l u e   is   b e t w e e n   T1  and  T2.  T h i s   c a l c u l a t i o n   is  p e r f o r m e d  

in  a c t i o n   box  928 .   T h i s   q u a n t i t y  n   is  t h e   p r o d u c t   of  T3 

t i m e s   t h e   n u m b e r   of  a c t i v e   o p e r a t o r   p o s i t i o n s   4C9  (F IG .   4 ) ,  

d i v i d e d   by  t h e   a v e r a g e   h o l d i n g   t ime   408 ,   l e s s   t h e   n u m b e r   o f  

r e q u e s t s   406  a l r e a d y   in  t he   q u e u e   of  t he   r e m o t e   s y s t e m ,  

p l u s   t h e   n u m b e r ,   i f   a n y ,   of  a v a i l a b l e   a c t i v e   o p e r a t o r  

p o s i t i o n s   411 .   H o w e v e r ,   t he   v a l u e   o f  n   is   a l s o   l i m i t e d   b y  

t h e   n u m b e r   of  a v a i l a b l e   o p e r a t o r   c o n n e c t i n g   t r u n k s  

c o n n e c t i n g   the   r e m o t e   to  t he   l o c a l   s y s t e m ,   and  . s   f u r t h e r  

l i m i t e d   to  a  maximum  v a l u e   s e l e c t e d   by  t h e   o p e r a t i n g  

m a n a g e m e n t   of  t h e   o p e r a t o r   a s s i s t a n c e   s y s t e m   b a s e d   on  t h e  

t o t a l   n u m b e r   of  s u c h   o p e r a t o r   c o n n e c t i n g   t r u n k s .   T h e  

n u m b e r   of  o p e r a t o r   c o n n e c t i n g   t r u n k s   and  a v a i l a b l e   o p e r a t o r  

c o n n e c t i n g   t r u n k s   is   m a i n t a i n e d   w i t h i n   t h e   o p e r a t o r  

a s s i s t a n c e   s y s t e m   u s i n g   w e l l - k n o w n   m e t h o d s   of  m a i n t a i n i n g  

r e c o r d s   of  t r u n k   g r o u p s   and  a v a i l a b l e   m e m b e r s   of  t r u n k  

g r o u p s .  

O p e r a t o r   c o n n e c t i n g   t r u n k s   r e p r e s e n t   a  r e s o u r c e  

w h i c h   a l l   q u e u e s   of  t he   s y s t e m   mus t   s h a r e .   T h i s   f a c t o r  

m u s t   be  t a k e n   i n t o   a c c o u n t   in  g e n e r a t i n g  n   when  t r a n s f e r  

r e q u e s t   m e s s a g e s   a s s o c i a t e d   w i t h   s e v e r a l   q u e u e s   a r e  

r e c e i v e d   w i t h i n   a  s h o r t   p e r i o d   of  t i m e .   By  s e t t i n g  

r e l a t i v e l y   low  l i m i t s   to  n,  or  by  p r o g r e s s i v e l y   l o w e r i n g  

t h e s e   l i m i t s   d u r i n g   an  o v e r l o a d   p e r i o d ,   and  l e t t i n g   t h e m  



r i s e   as  t he   o v e r l o a d   d i s a p p e a r s ,   t he   r e m o t e   s y s t e m   can  b e  

made  r e s p o n s i v e   to   s u c h   a  s i t u a t i o n   to  s h a r e   t he   use  of  t h e  

o p e r a t o r   c o n n e c t i n g   t r u n k s .   A l t e r n a t i v e l y ,   t he   n u m b e r   o f  

such   t r u n k s   can  be  made  r e l a t i v e l y   l a r g e   to  m i n i m i z e   t h e  

p r o b a b i l i t y   t h a t   t h e y   w i l l   be  a  b o t t l e n e c k   in  l i m i t i n g   t h e  

s h a r i n g   of  o p e r a t o r   p o s i t i o n s .  

In  r e s p o n s e   to  r e c e p t i o n   of  t he   t r a n s f e r   p e r m i t  

m e s s a g e   570  ( a c t i o n   box  9 4 6 ) ,   the   l o c a l   s y s t e m   f i r s t   t e s t s  

t he   v a l u e   o f  n   in  t h e   r e c e i v e d   m e s s a g e   ( t e s t   9 4 7 ) .   I f  n   i s  

no t   g r e a t e r   t h a n   z e r o ,   t he   l o c a l   s y s t e m   s i m p l y   r e s u m e s  

o t h e r   work  ( a c t i o n   box  949)   b e c a u s e   the   r e q u e s t   has  b e e n  

d e n i e d   by  the   s y s t e m   w h i c h   s e n t   the   m e s s a g e .   I f   n  i s  

g r e a t e r   t h a n   z e r o ,   t h e   l o c a l   s y s t e m   s e t s   t he   s e n d   f l a g   SF 

c o r r e s p o n d i n g   to  t h e   s y s t e m   w h i c h   t r a n s m i t t e d   t he   m e s s a g e  

in  the   l o c a l   q u e u e   c o n t r o l   b l o c k   400  (F IG.   4 ) .   T h i s   a l l o w s  

the   l o c a l   s y s t e m   to  s end   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   to  b e  

s e r v e d   by  the   r e m o t e   s y s t e m .   The  l o c a l   s y s t e m   f u r t h e r  

i n i t i a l i z e s   t he   c o u n t e r   a s s o c i a t e d   w i t h   t h a t   r e m o t e   s y s t e m  

to  n,  t he   p a r a m e t e r   of  t he   t r a n s f e r   p e r m i t   m e s s a g e   ( a c t i o n  

box  9 4 8 ) .   Each  q u e u e   c o n t r o l   b l o c k   400  ( F I G .   4)  of  a  l o c a l  

s y s t e m   h a s  a   send   f l a g   ( S F 1 , S F 2 , . . . ) ,   r e m o t e   s y s t e m  

i d e n t i f i c a t i o n   ( S S 1 , S S 2 , . . . ) ,   and  p e r m i t t e d   n u m b e r   o f  

o p e r a t o r   r e q u e s t s   to  be  t r a n s f e r r e d   ( n 1 , n 2 , . . . )   f o r   e a c h  

r e m o t e   s y s t e m   to  w h i c h   s u c h   r e q u e s t s   may  be  s e n t .   As  a  

r e s u l t   of  t h i s   i n t e r c h a n g e   of  m e s s a g e s ,   t h e   l o c a l   s y s t e m   i s  

now  i n f o r m e d   t h a t   up  t o  n   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   m a y  
be  s e n t   to  the   r e m o t e   s y s t e m   s p e c i f i e d   in  t he   t r a n s f e r  

p e r m i t   m e s s a g e .  

In  t h i s   e m b o d i m e n t ,   two  t y p e s   of  f l a g s ,   MF  and  S F  

a r e   u s e d .   H o w e v e r ,   i f   t he   MF  f l a g   is   s e t ,   t h e n   t he   SF 

f l a g s   a re   i g n o r e d .   O t h e r w i s e ,   the   a s s o c i a t e d   SF  f l a g   i s  

t he   o n l y   f l a g   u sed   f o r   a  g i v e n   r e m o t e   s y s t e m .   O t h e r   f l a g  

a r r a n g e m e n t s   a re   a l s o   p o s s i b l e ,   such   as  an  a r r a n g e m e n t  

w h i c h   p e r m i t s   f r a c t i o n a l   s h a r i n g   of  the   o p e r a t o r   a s s i s t a n c e  

r e q u e s t s   among  two  or  more   r e m o t e   s y s t e m s   in  a  s t a t i c  

i n t e r f l o w   a r r a n g e m e n t .  

The  i m p l e m e n t a t i o n   of  the  s e n d i n g   of  s u c h  



o p e r a t o r   a s s i s t a n c e   r e q u e s t s   is  f u r t h e r   s p e c i f i e d   in  t h e  

q u e u e   c o n t r o l   p r o g r a m   (FIG.   8 ) .   The  r e q u e s t s   to  be  s e n t   t o  

t h e   r e m o t e   s y s t e m   a r e   a l r e a d y   in  t h e   q u e u e .   When  the   q u e u e  
is   e x a m i n e d   ( a t   t e s t   7 1 0 ) ,   i f   one  of  t h e   s e n d   f l a g s   w h i c h  

a r e   t e s t e d   in  t e s t   716  is   s e t ,   t he   q u e u e   d e l a y   of  the   l o c a l  

o f f i c e   is  e s t i m a t e d   and  t e s t e d   ( t e s t   720)   to  see   i f   i t   i s  

s t i l l   n e c e s s a r y   to  t r a n s f e r   o p e r a t o r   a s s i s t a n c e   r e q u e s t  

l o a d   to  a  r e m o t e   o p e r a t o r   p o s i t i o n .   I f   t he   v a l u e   of  t h e  

e s t i m a t e d   d e l a y   e x c e e d s   T2  ( t e s t   720)   t h e n   t h e   v a l u e   o f  n  

i s   d e c r e m e n t e d   by  one  ( a c t i o n   box  7 2 1 ) .   The  new  v a l u e   o f  

n  is   t e s t e d   ( t e s t   7 2 2 ) ;   i f   i t   is  now  no  l o n g e r   g r e a t e r   t h a n  

z e r o ,   t he   c o r r e s p o n d i n g   send  f l a g   (SF)  is   r e s e t   ( a c t i o n  

box  723)  s i n c e   no  more   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   may  b e  

s e n t   to  t h a t   s y s t e m   u n t i l   a  new  t r a n s f e r   p e r m i t   m e s s a g e  

f rom  t h a t   s y s t e m   is   r e c e i v e d .   A  c a l l   r e q u e s t   m e s s a g e   i s  

s e n t   to  t h e   r e m o t e   o f f i c e   ( a c t i o n   box  7 2 4 ) .   In  r e s p o n s e   t o  

t h i s   c a l l   r e q u e s t   m e s s a g e ,   t he   o p e r a t o r   a s s i s t a n c e   r e q u e s t  

s h o u l d   be  e n t e r e d   a t   t he   b e g i n n i n g   of  t h e   q u e u e   of  t h e  

r e m o t e   s y s t e m ,   s i n c e   t h e   a s s o c i a t e d   o p e r a t o r   a s s i s t a n c e  

r e q u e s t   has   a l r e a d y   e x p e r i e n c e d   d e l a y   in  t h e   l o c a l   s y s t e m .  

The  l o o p   f o r   e x a m i n i n g   t h e   l o c a l   q u e u e   is  t h e n  

r e e n t e r e d   a t   t e s t   710 .   T h i s   l o o p   i s   t r a v e r s e d   a  number   o f  

t i m e s   u n t i l   t h e r e   a r e   no  u n e x a m i n e d   r e q u e s t s   in  t he   q u e u e  

and  o t h e r   work  can  be  r e s u m e d   ( a c t i o n   box  7 1 2 ) ;   u n t i l   a l l  

s e n d   f l a g s   S F 1 , S F 2 , . . . ,   have   b e e n   r e s e t   to  z e r o ;   or  u n t i l  

t h e   v a l u e   of  e s t i m a t e d   d e l a y   g o e s   b e l o w   T2.  I f   t he   d e l a y  

f o u n d   in  t e s t   720  d e s c r i b e d   a b o v e   i s   n o t   more   t h a n   t h e  

s e c o n d a r y   t h r e s h o l d   T2,  no  more  c a l l s   a r e   s e n t   to  t h e  

r e m o t e   s y s t e m ,   t he   r e q u e s t   f l a g   RF  407  and  a l l   send   f l a g s  

S F 1 , S F 2 , . . . ,   a r e   r e s e t   ( a c t i o n   box  7 2 6 ) .   T h e r e a f t e r ,   or  i n  

c a s e   no  s e n d   f l a g s   a r e   f o u n d   s e t   in  t e s t   7 1 6 ,   a  t e s t   i s  

made  of  a v a i l a b i l i t y   of  l o c a l   o p e r a t o r   p o s i t i o n s   ( t e s t   7 5 0 ,  

FIG.   9 ) .   I f   a l l   send   f l a g s   have   b e e n   r e s e t   to  z e r o ,  

t e s t   750  to  c h e c k   f o r   a v a i l a b i l i t y   of  a  l o c a l   o p e r a t o r  

p o s i t i o n   is  p e r f o r m e d .   I f   no  o p e r a t o r   p o s i t i o n   i s  

a v a i l a b l e ,   t he   o v e r l o a d   d e t e c t i o n   p r o g r a m   745  (F IG.   1 0 ) ,  

p r e v i o u s l y   d e s c r i b e d ,   is   e x e c u t e d ,   in  o r d e r   to  d e t e c t   t h e  



c o n t i n u e d   p r e s e n c e   of  o v e r l o a d .   I f   an  o p e r a t o r   p o s i t i o n   i s  

a v a i l a b l e ,   a  c o n v e n t i o n a l   c o n n e c t i o n   is  s e t   up  to  the   l o c a l  

o p e r a t o r   p o s i t i o n   ( a c t i o n   box  7 5 2 ) .  

In  t h i s   e x e m p l a r y   e m b o d i m e n t   of  t he   i n v e n t i o n ,  

t h e   l o c a l   s y s t e m   m a k e s   d e c i s i o n s   on  w h e t h e r   or  no t   to  s e n d  

a  c a l l   to  a  r e m o t e   s y s t e m   and  the   r e m o t e   s y s t e m   a c c e p t s   a l l  

c a l l s   t h a t   a r e   s e n t .   The  r e m o t e   s y s t e m   c o n t r o l s   the  n u m b e r  

of  c a l l s  w h i c h   i t   a g r e e s   to  a c c e p t   by  s e n d i n g   t r a n s f e r  

p e r m i t   m e s s a g e s   to  t h e   l o c a l   o f f i c e   to  s e n d   up  to  a  

s p e c i f i e d   n u m b e r   of  c a l l s .   T h i s   a r r a n g e m e n t   p r o t e c t s  

s e r v i c e   in  e a c h   r e m o t e   s y s t e m   w h i l e   p e r m i t t i n g   s u b s t a n t i a l  

s h a r i n g   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t   l o a d   in  o v e r l o a d .  

U s i n g   an  a l t e r n a t i v e   p r o g r a m ,   d y n a m i c   i n t e r f l o w  

can  be  i m p l e m e n t e d   by  l i m i t i n g ,   o v e r   a  l o n g e r   p e r i o d   o f  

t i m e ,   t he   n u m b e r   ( l e v e l )   of  s i m u l t a n e o u s   o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   w h i c h   can  be  t r a n s f e r r e d   w h e n e v e r   t h e  

e s t i m a t e d   d e l a y   in  a  q u e u e   e x c e e d s   the   T1  t h r e s h o l d .  

A d v a n t a g e o u s l y ,   s u c h   an  a r r a n g e m e n t   s h a r p l y   r e d u c e s   t h e  

number   of  t r a n s f e r   r e q u e s t   and  t r a n s f e r   p e r m i t   m e s s a g e s  

e x c h a n g e d   b e t w e e n   t h e   two  s y s t e m s .   To  i m p l e m e n t   such   a n  

a r r a n g e m e n t ,   i t   is   n e c e s s a r y   to  m a i n t a i n   a  c o u n t   of  t h e  

number   of  r e q u e s t s   w h i c h   a r e   b e i n g   s e r v e d   by  the   s e c o n d  

s y s t e m   or  to  r e s t r i c t   t he   t r a n s f e r s   to  u s i n g   a  p r e s e l e c t e d  

o p e r a t o r   i n t e r c o n n e c t i n g   t r u n k   s u b g r o u p .   T h e n ,   d y n a m i c  

i n t e r f l o w   can  be  r e q u e s t e d   and  i n i t i a t e d   by  a  d i f f e r e n t  

t y p e   of  r e q u e s t   and  p e r m i t   m e s s a g e ,   w h i c h   w o u l d   b e  

i n t e r p r e t e d   as  r e p r e s e n t i n g   t he   l e v e l ,   r a t h e r   t h a n   t h e  

n u m b e r ,   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t s   to  be  t r a n s f e r r e d .  

A  t r a n s f e r   p e r m i t   m e s s a g e   of  t h i s   s e c o n d   t y p e   c o u l d   be  s e n t  

f rom  an  o p e r a t i n g   s u p e r v i s o r ' s   s t a t i o n   when  l ong   t e r m  

o v e r l o a d   of  a  s y s t e m   is   r e c o g n i z e d .   Such  an  a l t e r n a t i v e  

d y n a m i c   i n t e r f l o w   a r r a n g e m e n t   c o u l d   e x i s t   in  a  s y s t e m   w h i c h  

a l s o   o f f e r s   t h e   d y n a m i c   i n t e r f l o w   a r r a n g e m e n t   d e s c r i b e d   f o r  

t h e   p r e s e n t   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

A n o t h e r   a l t e r n a t i v e   f o r   i m p l e m e n t i n g   d y n a m i c  

i n t e r f l o w   is  to  s e t   a  s end   f l a g   w h e n e v e r   t he   d e l a y   e x c e e d s  

T1  and  r e s e t   t h e   f l a g   when  t he   d e l a y   g o e s   b e l o w   T2.  S u c h  



an  a r r a n g e m e n t   wou ld   r e q u i r e   f u r t h e r   f a c i l i t i e s   to  a l l o w   a  

r e m o t e   s y s t e m   to  s h u t   o f f   t r a n s f e r r e d   o p e r a t o r   a s s i s t a n c e  

r e q u e s t s .  
For  c l a r i t y ,   t h i s   d e s c r i p t i o n   h a s   c o n c e n t r a t e d  

upon   a  s i n g l e   q u e u e .   An  o p e r a t o r   a s s i s t a n c e   s y s t e m   m a y  

h a v e   a  n u m b e r   of  q u e u e s ,   such   as  q u e u e s   4 2 0 , . . . , 4 3 1 ,   e a c h  

s e r v i n g   a  d i f f e r e n t   t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t .  

The  o p e r a t o r   s y s t e m   may  a l s o   have   a  n u m b e r   of   o p e r a t o r  

t e a m s .   For   c l a r i t y ,   i t   has  b e e n   a s s u m e d   t h a t   e a c h   t e a m  

s e r v e s   one   q u e u e .   When  an  o p e r a t o r   t e am  s e r v e s   s e v e r a l  

q u e u e s ,   an  a t t e m p t   is   made  to  m a i n t a i n   e q u a l   e s t i m a t e d  

f r a c t i o n a l   d e l a y s ,   r e l a t i v e   to  t h e   o b j e c t i v e   maximum  d e l a y  

f o r   e a c h   c a l l   t y p e .   T h u s ,   when  one  s e r v i n g   team  i s  

o v e r l o a d e d ,   a l l   of  i t s   q u e u e s   w h i c h   h a v e   any  r e q u e s t s   h a v e  

e s t i m a t e d   d e l a y s   in  e x c e s s   of  t h e i r   o b j e c t i v e s ,   a n d  

r e q u e s t s   a r e   i n t e r f l o w e d   to  a n o t h e r   s y s t e m   in  t h e   s a m e  

s e q u e n c e   in  w h i c h   t h e y   wou ld   be  s e r v e d ,   i . e . ,   in  s u c h   a  

s e q u e n c e   as  to   r e d u c e   the   e s t i m a t e d   d e l a y ,   r e l a t i v e   to  t h e  

o b j e c t i v e   (T1)  f o r   t h a t   q u e u e ,   p r o p o r t i o n a l l y .  

FIG.   14  shows  a  c o m m u n i c a t i o n   n e t w o r k   in  w h i c h  

t h e r e   a r e   M  o p e r a t o r   a s s i s t a n c e   s y s t e m s ,   s y s t e m s   1 , 2 , . . . , M .  

S y s t e m s   1  and  2,  p r e v i o u s l y   shown  in  FIG.   1,  a r e  

i n t e r c o n n e c t e d   by  d a t a   c o m m u n i c a t i o n   p a t h   140  and  o p e r a t o r  

c o n n e c t i n g   t r u n k s   1 2 5 , . . . , 1 2 6 .   S y s t e m s   1  and  M  a r e  

i n t e r c o n n e c t e d   by  d a t a   c o m m u n i c a t i o n   p a t h   139  and  o p e r a t o r  

c o n n e c t i n g   t r u n k s   1 2 3 , . . . , 1 2 4 .   S y s t e m s   2  and  M  a r e  

i n t e r c o n n e c t e d   by  d a t a   c o m m u n i c a t i o n   p a t h   141  and  o p e r a t o r  

c o n n e c t i n g   t r u n k s   1 2 7 , . . . , 1 2 8 .   O t h e r   s y s t e m s   b e t w e e n   2  a n d  

M,  n o t   shown  on  the   d i a g r a m ,   a r e   a l s o   c o n n e c t e d   to  t h e s e  

s y s t e m s   and  to  e a c h   o t h e r   by  o p e r a t o r   c o n n e c t i n g   t r u n k s   a n d  

d a t a   c o m m u n i c a t i o n   p a t h s ,   a l t h o u g h   t he   i n t e r c o n n e c t i o n   n e e d  

n o t   be  c o m p l e t e .   I t   is   s u f f i c i e n t   i f   e v e r y   s y s t e m   in  t h e  

c o m m u n i c a t i o n   n e t w o r k   is   c o n n e c t e d   to  a t   l e a s t   one  o t h e r  

s y s t e m .   H o w e v e r ,   in  c a s e   c e n t r a l i z e d   c o n t r o l ,   d e s c r i b e d  

b e l o w ,   i s   u s e d ,   e a c h   s y s t e m   m u s t   be  c o n n e c t e d   to  t h e  

c o n t r o l   s y s t e m   v i a   some  d a t a   t r a n s m i s s i o n   f a c i l i t y .  

In  t h i s   c o m m u n i c a t i o n   n e t w o r k ,   e i t h e r   d i s t r i b u t e d  



c o n t r o l   or  c e n t r a l i z e d   c o n t r o l   of  o p e r a t o r   a s s i s t a n c e  

r e q u e s t   a s s i g n m e n t   can  be  u s e d .   In  t he   c e n t r a l i z e d   c o n t r o l  

a r r a n g e m e n t ,   one  of  t he   s y s t e m s ,   in  t h i s   c a s e   s y s t e m   1,  i s  

t h e   c o n t r o l   s y s t e m .   Each   of  t he   o t h e r   s y s t e m s   2 , . . . , M  

p e r i o d i c a l l y   c o m m u n i c a t e s   the   s i z e   of  i t s   q u e u e s ,   t h e  

n u m b e r   of  i t s   a c t i v e   o p e r a t o r   a s s i s t a n c e   p o s i t i o n s ,   t h e  

n u m b e r   of  i t s   a v a i l a b l e   a c t i v e   o p e r a t o r   p o s i t i o n s ,   and  t h e  

n u m b e r   of  a v a i l a b l e   o p e r a t o r   c o n n e c t i n g   t r u n k s   to  each   o f  

i t s   c o n n e c t e d   o p e r a t o r   a s s i s t a n c e   s y s t e m s   to  s y s t e m   1 .  

T h i s   d a t a   is  s e n t   v i a   a  s t a t u s   m e s s a g e   590  (F IG .   1 2 ) ,   w h i c h  

i n c l u d e s   a  m e s s a g e   t y p e   i n d i c a t o r   5 9 1 ,   a  t y p e   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t   i n d i c a t o r   592 ,   a  c o u n t   of  a c t i v e  

o p e r a t o r   p o s i t i o n s   594 ,   a v a i l a b l e   a c t i v e   o p e r a t o r  

p o s i t i o n s   596 ,   l e n g t h   of   q u e u e   598  and  c o u n t s   599  of  t h e  

n u m b e r   of  a v a i l a b l e   o p e r a t o r   c o n n e c t i n g   t r u n k s   to  o t h e r  

s y s t e m s .   Based   on  an  a n a l y s i s   of  t h e s e   c o u n t s   and  q u e u e  

l e n g t h s   p l u s   s i m i l a r   d a t a   o b t a i n e d   f rom  w i t h i n   s y s t e m   1 ,  

s y s t e m   1  s e n d s   t he   a p p r o p r i a t e   t r a n s f e r   p e r m i t   m e s s a g e s  t o  

e a c h   of  the   s y s t e m s   2 , . . . , M ;   t h e s e   m e s s a g e s   d i r e c t   t h e  

r e c e i v i n g   s y s t e m   to  r o u t e   a  s p e c i f i e d   number   of  e ach   t y p e  

of   o p e r a t o r   a s s i s t a n c e   r e q u e s t   to  s p e c i f i e d   o t h e r   s y s t e m s .  

The  a n a l y s i s   a l l o c a t e s   t r a f f i c   to  e q u a l i z e   in  a l l   s y s t e m s  

t h e   e s t i m a t e d   f r a c t i o n a l   d e l a y   w i t h   r e s p e c t   to  T1  f o r   e a c h  

q u e u e ,   b u t   to  l i m i t   d e l a y   due  to  a c c e p t e d   o v e r l o a d   of  a n  

e x t e r n a l   s y s t e m   to  t he   v a l u e   of  T3  in  o r d e r   to  p r o t e c t  

s e r v i c e   in  each   s y s t e m .   The  a l l o c a t i o n   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   to  r e m o t e   s y s t e m s   s t a r t s   at   a  l o w e r  

t h r e s h o l d   t h a n   t he   v a l u e   of  T1  f o r   t h e   q u e u e ,   such   as  z e r o  

or  T2.   The  a l l o c a t i o n   is   a l s o   l i m i t e d   by  the   number   o f  

o p e r a t o r   i n t e r c o n n e c t i n g   t r u n k s .   In  r e s p o n s e   to  t h e s e  

t r a n s f e r   p e r m i t   m e s s a g e s   and  t he   c a l c u l a t i o n s   f o r   s y s t e m   1 

t r a f f i c ,   s y s t e m s   1 , 2 , . . . , M   p l a c e   o p e r a t o r   a s s i s t a n c e  

r e q u e s t s   to  be  s e r v e d   by  o p e r a t o r   p o s i t i o n s   in  t h e i r   own 

and  o t h e r   s y s t e m s .   In  s u c h   an  a r r a n g e m e n t ,   t h e r e   is  n o  

n e e d   f o r   t r a n s f e r   r e q u e s t   m e s s a g e s   s i n c e   t he   p e r i o d i c  

s u m m a r y   m e s s a g e s   590  f rom  e a c h   s y s t e m   a c c o m p l i s h   the  s a m e  

p u r p o s e .  



In  an  a l t e r n a t i v e   c e n t r a l i z e d   c o n t r o l   m e t h o d   o f  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   a s s i g n m e n t   in  a  c o m m u n i c a t i o n s  

n e t w o r k ,   t he   c o n t r o l   s y s t e m   k e e p s   t r a c k   of  t he   l e n g t h   o f  

a l l   q u e u e s   and  the   n u m b e r   of  a v a i l a b l e   a c t i v e   o p e r a t o r  

p o s i t i o n s   in  a l l   s y s t e m s .   T h e n ,   as  e a c h   o p e r a t o r  
a s s i s t a n c e   r e q u e s t   in  t h e   n e t w o r k   is  d e t e c t e d ,   t he   c o n t r o l  

s y s t e m   d e c i d e s   w h i c h   of   t h e   o p e r a t o r   a s s i s t a n c e   s y s t e m s  
s h o u l d   h a n d l e   t h a t   o p e r a t o r   a s s i s t a n c e   r e q u e s t ,   and  s e n d s   a  

m e s s a g e   to  t he   l o c a l   s y s t e m   f o r   t h a t   c a l l   i n d i c a t i n g   t h a t  

s y s t e m .   Such   an  a r r a n g e m e n t   r e q u i r e s   t h a t   d a t a   b e  

e x c h a n g e d   f o r   e v e r y   o p e r a t o r   a s s i s t a n c e   r e q u e s t   and  f o r  

e v e r y   r e l e a s e   of  an  o p e r a t o r   p o s i t i o n .   A l t e r n a t i v e l y ,   s u c h  

d a t a   c o u l d   be  s e n t   f o r   g r o u p s   of  r e q u e s t s   and  r e l e a s e s .  

In  t he   a l t e r n a t e   d i s t r i b u t e d   c o n t r o l   a r r a n g e m e n t ,  
i f   one  of  t h e   s y s t e m s ,   f o r   e x a m p l e   s y s t e m   1,  i s  

e x p e r i e n c i n g   h e a v y   l o a d   or  o v e r l o a d ,   i t   s e n d s   t r a n s f e r  

r e q u e s t   m e s s a g e s   to  s y s t e m s   2 , . . . , M   ( b u t   o n l y   t h o s e   s y s t e m s  

to   w h i c h   i t   i s   c o n n e c t e d   v i a   o p e r a t o r   c o n n e c t i n g   t r u n k s ) ,  

a n d ,   d e p e n d i n g   on  t h e   r e s p o n s e   to  t h e s e   m e s s a g e s ,   s e n d s  

o p e r a t o r   a s s i s t a n c e   r e q u e s t s   to  one  or  more  of  t h e s e   o t h e r  

s y s t e m s .   The  a r r a n g e m e n t s   p r e v i o u s l y   d e s c r i b e d   w i t h  

r e s p e c t   to  FIGS.   4 - 1 3   can   be  u s e d   to  i m p l e m e n t   t h i s  

c o n f i g u r a t i o n .   The  d i f f e r e n t   s e n d   f l a g s   ( S F 1 , S F 2 , . . . )   a n d  

n u m b e r   f i e l d s   ( n 1 , n 2 , . . . )   (F IG .   4)  k e e p   t r a c k   of  w h i c h  

r e m o t e   s y s t e m s   can  a c c e p t   w h i c h   n u m b e r   of  o p e r a t o r  

a s s i s t a n c e   r e q u e s t s ;   t r a n s f e r   r e q u e s t   m e s s a g e s   a re   s e n t   t o  

a l l   c o n n e c t e d   s y s t e m s   p r e p a r e d   to   a c c e p t   t he   a s s o c i a t e d  

t y p e   of  o p e r a t o r   a s s i s t a n c e   r e q u e s t .  

The  c o m m u n i c a t i o n   n e t w o r k   of  FIG.   14  can  a l s o   b e  

u s e d   f o r   p r o v i d i n g   s t a t i c   i n t e r f l o w ,   n i g h t   t r a n s f e r   a n d  

o p e r a t o r   c e n t r a l i z a t i o n   u s i n g   t h e   p r i n c i p l e s   d e s c r i b e d  

w i t h   r e f e r e n c e   to  F IGS.   1 - 1 3 .   O p e r a t o r   i n t e r c o n n e c t i n g  

t r u n k s   and  d a t a   c o m m u n i c a t i o n   p a t h s   mus t   be  p r o v i d e d  

b e t w e e n   any  p a i r   of  t h e   o p e r a t o r   a s s i s t a n c e   s y s t e m s ,   one  o f  

w h i c h   s e r v e s   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   d e t e c t e d   in  t h e  

o t h e r .  

FIG.   15  i l l u s t r a t e s   t h e   use  of  an  e x t e r n a l   p a c k e t  



s w i t c h i n g   n e t w o r k   PSN  145  to  s w i t c h   i n t e r s y s t e m   d a t a  

m e s s a g e s .   Each  of  t he   o p e r a t o r   a s s i s t a n c e  

s y s t e m s   1 , 2 , . . . , M   a r e   c o n n e c t e d   to  p a c k e t   s w i t c h i n g  

n e t w o r k   145  f o r  t h e   e x c h a n g e   of  d a t a   m e s s a g e s .   The  s y s t e m s  

a r e   i n t e r c o n n e c t e d   by  the   s a n e   o p e r a t o r   c o n n e c t i n g   t r u n k s  

shown  in  FIG.  14  f o r   t he   v o i c e   c o m m u n i c a t i o n   b e t w e e n   a n  

o p e r a t o r   and  a  c u s t o m e r .   A  p a c k e t   s w i t c h i n g   n e t w o r k   i s  

more   e c o n o m i c a l   t h a n   a  g r o u p   of  i n d i v i d u a l   d a t a  

c o m m u n i c a t i o n   p a t h s   s u c h   as  p a t h   140  (F IG .   1)  i f   t h e r e   is  a  

l a r g e   g r o u p   of  i n t e r c o n n e c t e c   s y s t e m s   or  i f   t h e r e   is  a n  

a d d e d   use   f o r   such   a  p a c k e t   s w i t c h i n g   s y s t e m .  

A l t e r n a t i v e l y ,   t he   s p e c i a l   t e l e p h o n e   s i g n a l i n g   s y s t e m   u s e d  

f o r   t h e   common  c h a n n e l   i n t e r c f f i c e   s i g n a l i n g   (CCIS)   n e t w o r k  

can   a l s o   be  used   to  t r a n s m i t   i n t e r s y s t e m   m e s s a g e s .   When  a  

p a c k e t   s w i t c h i n g   n e t w o r k   or CO I S   n e t w o r k   is  u s e d ,   t h e  

d e l a y s   of  t r a v e r s i n g   s u c h   a  n e t w o r k   w i l l   h e l p   to  d e t e r m i n e  

w h e t h e r   a  l o c a l   or  a  r e m o t e   s y s t e m   p r o c e s s o r   d i r e c t l y  

c o m m u n i c a t e s   w i t h   an  o p e r a t o r   p o s i t i o n .   I f   t he   d e l a y s   a r e  

s h o r t ,   d i r e c t   d a t a   c o m m u n i c a t i o n s   b e t w e e n   the   l o c a l   s y s t e m  

p r o c e s s o r   and  an  o p e r a t o r   p o s i t i o n   at   t he   r e m o t e   s y s t e m  

a r e   p o s s i b l e ;   as  p r e v i o u s l y   c e s c r i b e d ,   c o n t r o l   s o f t w a r e  

f o r   s u c h   an  a r r a n g e m e n t   can  be  i m p l e m e n t e d   in  a  m o r e  

s t r a i g h t f o r w a r d   m a n n e r .  

W h i l e   the   o p e r a t o r   p o s i t i o n s   1 1 0 , . . . , 1 1 1   h a v e  

b e e n   shown  in  FIG.  1  as  b e i n c   w i t h i n   the   o p e r a t o r  

a s s i s t a n c e   s y s t e m ,   i t   mus t   be  r e c o g n i z e d   t h a t   t h i s   is  a  

t o p o l o g i c a l   d i a g r a m   and  n o t   n e c e s s a r i l y   a  p h y s i c a l  

d i a g r a m .   The  o p e r a t o r   p o s i t i o n s   m a y  b e   l o c a t e d   p h y s i c a l l y  

a t   a  r e m o t e   l o c a t i o n   f rom  the  a s s o c i a t e d   n e t w o r k s   a n d  

p r o c e s s o r ,   bu t   a re   c o n n e c t e d   to  t h a t   s w i t c h   and  c o n t r o l l e d  

by  t h a t   p r o c e s s o r .   For   e x a m p l e ,   o p e r a t o r   p o s i t i o n   110  i s  

c o n t r o l l e d   t h r o u g h   d a t a   m e s s a g e s   f rom  p r o c e s s o r   101  s e n t  

v i a   p a c k e t   s w i t c h i n g   n e t w o r k   105  and  i s   c o n n e c t e d   to  a  l i n e  

or  t r u n k   v i a   c i r c u i t   s w i t c h i n g   n e t w o r k   104.   For  s o m e  

c o n f i g u r a t i o n s ,   o p e r a t o r   p o s i t i o n   110  c o u l d   a l s o   b e  

c o n t r o l l e d   fo r   r e m o t e   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   t h r o u g h  

d a t a   m e s s a g e s   s e n t   v i a   p a c k e t   s w i t c h i n g   n e t w o r k   105  from  a  



r e m o t e   p r o c e s s o r   such   as  1 5 1 .  

N o t e   t h a t   w h i l e   t h e   o p e r a t o r   p o s i t i o n s   d e s c r i b e d  

h e r e i n   a r e   a d a p t e d   to  o p e r a t e   in  an  ISDN  e n v i r o n m e n t   a n d  

c o m m u n i c a t e   v i a   a  s i n g l e   b i t   s t r e a m   c o r p r i s i n g   b o t h   d a t a  

and  d i g i t i z e d   v o i c e ,   a  more  c o n v e n t i o n a l   o p e r a t o r   p o s i t i o n ,  

s u c h   as  t h a t   u s e d   in  t h e   T r a f f i c   S e r v i c e   P o s i t i o n   S y s t e m  
m a n u f a c t u r e d   by  AT&T  T e c h n o l o g i e s ,   I n c .   in  w h i c h   the   v o i c e  

and  d a t a   c o m m u n i c a t i o n s   a r e   s e p a r a t e ,   :an  a l s o   be  u s e d .  

For   the   l a t t e r   t y p e   of  a r r a n g e m e n t ,   t he   p r o c e s s o r  
c o m m u n i c a t e s   w i t h   t he   o p e r a t o r   p o s i t i o n   d i r e c t l y   or  v i a   a  

c o n t r o l l e r   and  d o e s   n o t   use  a  p a c k e t   s w i t c h i n g   n e t w o r k   f o r  

t h i s   p u r p o s e .   N o t e   f u r t h e r   t h a t   w h i l e   t h e   p r e s e n t  

e m b o d i m e n t   of  t h e   i n v e n t i o n   u s e s   a  d i g i t a l   c i r c u i t   n e t w o r k ,  

an  a n a l o g   n e t w o r k ,   s u c h   as  t h a t   u sed   in  t h e   T r a f f i c   S e r v i c e  

P o s i t i o n   S y s t e m ,   c o u l d   a l s o   be  u s e d ,   e i t h e r   by  c o n n e c t i n g  

t h e   o p e r a t o r   p o s i t i o n   v o i c e   p a t h   d i r e c t l y   to  t h e   a n a l o g  

n e t w o r k   and  u s i n g   a  s e p a r a t e   c o n t r o l   d a t a   p a t h   to  t h e  

p r o c e s s o r ,   or  by  p r o v i d i n g   an  a p p r o p r i a t e   d i g i t a l - t o - a n a l o g  

i n t e r f a c e   b e t w e e n   an  ISDN  o p e r a t o r   p o s i t i o n   and  the   a n a l o g  

n e t w o r k .  

For  t h e   s ake   of  s i m p l i c i t y ,   p r o c e s s o r   101  h a s  

b e e n   shown  as  a  s i n g l e   e n t i t y .   In  many  m o d e r n   s y s t e m s   a  

d i s t r i b u t e d   p r o c e s s o r   s y s t e m   is  u sed   so  t h a t   t h e   c e n t r a l  

p r o c e s s i n g   u n i t   102  i s ,   in  f a c t ,   many  u n i t s ,   and  t h e  

memory   103,   many  m o d u l e s   of  m e m o r y .   S i m i l a r l y ,   n e t w o r k   1 0 4  

may  be  m o d u l a r   and  may  a l s o   i n c l u d e   r e m o t e   m o d u l e s .   I f   a  

d i s t r i b u t e d   p r o c e s s o r   s y s t e m   is   u s e d ,   d i f f e r e n t   p r o c e s s o r s  
w i t h i n   t he   d i s t r i b u t e d   p r o c e s s o r  c o m p l e x   may  be  a c c e s s e d  

u s i n g   d i f f e r e n t   D - c h a n n e l s   f rom  the   p a c k e t   s w i t c h i n g  

n e t w o r k .   The  a p p o r t i o n m e n t   of  c o n t r o l   f u n c t i o n s   and  m e m o r y  

w i t h i n   t he   d i s t r i b u t e d   p r o c e s s o r   s y s t e m   w o u l d   be  done  b y  

m e t h o d s   w e l l   known  in  the   a r t .  

W h i l e   t h e   a r r a n g e m e n t   w h i c h   has   been   s h o w n  

i n d i c a t e s   a  s e p a r a t e   d a t a   c o m m u n i c a t i o n   p a t h   140  f o r  

i n t e r c o n n e c t i n g   two  s y s t e m s ,   t he   same  k i n d s   of  f a c i l i t i e s  

w h i c h   a r e   used   f o r   o p e r a t o r   i n t e r c o n n e c t i n g   t r u n k s   c a n  

s o m e t i m e s   a l s o   be  u sed   f o r   t he   t r a n s m i s s i o n   of  d a t a   b e t w e e n  



t he   s y s t e m s .  

The  a b o v e   d e s c r i p t i o n   is  c o n s i d e r e d   to  be  o n l y   a n  

i l l u s t r a t i v e   e m b o d i m e n t   of  the   i n v e n t i o n ,   p l u s   a  number   o f  

s u g g e s t e d   a l t e r r a t i v e s   in  p a r t s   of  the   e m b o d i m e n t .   I t   i s  

to  be  u n d e r s t o o d   t h a t   v a r i o u s   and  n u m e r o u s   o t h e r  

a r r a n g e m e n t s   may  be  d e v i s e d   by  one  s k i l l e d   in  t he   a r t  

w i t h o u t   d e p a r t i r g   f rom  the   s p i r i t   and  s c o p e   of  t h e  

i n v e n t i o n .   The  i n v e n t i o n   is  t h u s   l i m i t e d   o n l y   as  d e f i n e d  

in  t he   a c c o m p a n y i n g   c l a i m s .  



1.  A  m e t h o d   of  s e r v i n g   an  o p e r a t o r   a s s i s t a n c e  

r e q u e s t   f rom  a  s p e c i f i c   l i n e   or  t r u n k   s e r v e d   by  a  f i r s t  

o p e r a t o r   a s s i s t a n c e   s y s t e m ,   in  a  c o m m u n i c a t i o n s   n e t w o r k  

c o m p r i s i n g   a  f i r s t   and  a  s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m ,  

t h e   f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m   a d a p t e d   to  s e r v e   a  s e t  

of  l i n e s   or  t r u n k s   c o n n e c t e d   t h e r e t o ,   e a c h   of  t he   o p e r a t o r  

a s s i s t a n c e   s y s t e m s   c o m p r i s i n g   an  o p e r a t o r   p o s i t i o n ,  

c o m p r i s i n g   the   s t e p s   o f :  

d e t e c t i n g   an  o p e r a t o r   a s s i s t a n c e   r e q u e s t   f r o m  

t h e   s p e c i f i c   l i n e   or  t r u n k ;  

g e n e r a t i n g   a  f i r s t   i n d i c a t i o n   i f   t he   o p e r a t o r  
a s s i s t a n c e   r e q u e s t   i s   to   be  s e r v e d   by  the   o p e r a t o r   p o s i t i o n  

of  t he   f i r s t   s y s t e m   and  g e n e r a t i n g   a  s e c o n d   i n d i c a t i o n   i f  

t h e   o p e r a t o r   a s s i s t a n c e   r e q u e s t   is   to  be  s e r v e d   by  t h e  

o p e r a t o r   p o s i t i o n   of  t h e   s e c o n d   s y s t e m ;  

c o n n e c t i n g   t h e   s p e c i f i c   l i n e   or  t r u n k   to  t h e  

o p e r a t o r   p o s i t i o n   of  t h e   f i r s t   s y s t e m   i f   t he   f i r s t  

i n d i c a t i o n   has   b e e n   g e n e r a t e d ;  

e x e c u t i n g   t h e   f o l l o w i n g   s t e p s   i f   t he   s e c o n d  

i n d i c a t i o n   has   b e e n   g e n e r a t e d :  

a.  c o n n e c t i n g   the   s p e c i f i c   l i n e   or  t r u n k   to  t h e  

o p e r a t o r   p o s i t i o n   of  t h e   s e c o n d   o p e r a t o r   a s s i s t a n c e  

s y s t e m ;  
b.  k e y i n g   c a l l   r e l a t e d   d a t a   i n t o   t he   o p e r a t o r  

p o s i t i o n   of  t he   s e c o n d   s y s t e m ;  

c.  t r a n s m i t t i n g   d a t a   m e s s a g e s   c o r r e s p o n d i n g   t o  

t h e   d a t a   k e y e d   i n t o   t h e   o p e r a t o r   p o s i t i o n   f rom  the   s e c o n d  

s y s t e m   to  the   f i r s t   s y s t e m ;   a n d  

d.  r e s p o n d i n g ,   in  t h e   f i r s t   s y s t e m ,   to  the   d a t a  

m e s s a g e s   by  e s t a b l i s h i n g   a  c o n n e c t i o n   f rom  t he   s p e c i f i c  

l i n e   or  t r u n k   to  an  o t h e r   of  t he   s e t   of  l i n e s   or  t r u n k s .  

2 .   The  m e t h o d   of  c l a i m   1  in  w h i c h   the   c o n n e c t i n g  

s t e p   f u r t h e r   c o m p r i s e s   t he   s t e p s   o f  

c o n n e c t i n g   t h e   s p e c i f i c   l i n e   or  t r u n k   to  t h e  

f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m ;   a n d  

c o n n e c t i n g   t h e   f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m  



to  c o m m u n i c a t i o n   c i r c u i t s   to  the   s e c o n d   o p e r a t o r   a s s i s t a n c e  

s y s t e m .  

3.  A  c o m m u n i c a t i o n   n e t w o r k   c o m p r i s i n g :  

a  f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m   (1)  a d a p t e d   t o  

be  c o n n e c t e d   to  a  p l u r a l i t y   of  l i n e s   or  t r u n k s   ( 1 2 0 ,   1 2 1 )  

and  c o m p r i s i n g   an  o p e r a t o r   p o s i t i o n   ( 1 1 0 ) ,  

a  s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   (2)  c o m p r i s i n g  

an  o p e r a t o r   p o s i t i o n   ( 1 6 0 ) ;  

c o m m u n i c a t i o n   c i r c u i t s   ( 1 2 5 ,   126 ,   1 4 0 )  

i n t e r c o n n e c t i n g   t h e   f i r s t   (1)  and  the   s e c o n d   (2)  o p e r a t o r  

a s s i s t a n c e   s y s t e m s ;  

the   f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m   c o m p r i s i n g :  

a  p r o c e s s o r   ( 1 0 1 )   f o r   d e t e c t i n g   an  o p e r a t o r  

a s s i s t a n c e   r e q u e s t   on  one  of  the   p l u r a l i t y   of  l i n e s   o r  

t r u n k s   ( 1 2 0 ,   121)  and  f o r   g e n e r a t i s n g   a  f i r s t   i n d i c a t i o n   i f  

t he   o p e r a t o r   a s s i s t a n c e   r e q u e s t   is  to  be  s e r v e d   by  t h e  

o p e r a t o r   p o s i t i o n   ( 1 1 0 )   of  t he   f i r s t   o p e r a t o r   a s s i s t a n c e  

s y s t e m   and  f o r   g e n e r a t i n g   a  s e c o n d   i n d i c a t i o n   i f   t h e  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   is  to  be  s e r v e d   by  t h e   o p e r a t o r  

p o s i t i o n   of  t he   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m ;  

t he   p r o c e s s o r   ( 1 0 1 )   r e s p o n s i v e   to  d e t e c t i o n   of  t h e  

o p e r a t o r   a s s i s t a n c e   r e q u e s t   and  to  the   f i r s t   i n d i c a t i o n   f o r  

e s t a b l i s h i n g   a  c o n n e c t i o n   b e t w e e n   the   one  or  t h e   p l u r a l i t y  

of  l i n e s   of  t r u n k s   and  t h e   o p e r a t o r   (110)   p o s i t i o n   of  t h e  

f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m ;  
t he   p r o c e s s o r   (101)   r e s p o n s i v e   to  t h e   s e c o n d  

i n d i c a t i o n   and  to  d e t e c t i o n   of  a  r e q u e s t   f o r   e s t a b l i s h i n g   a  

c o n n e c t i o n   b e t w e e n   t h e   one  of  t he   p l u r a l i t y   of  l i n e s   o f  

t r u n k s   ( 1 2 0 ,   121)  and  t h e   c o m m u n i c a t i o n   c i r c u i t s   ( 1 2 5 ,   1 2 6 ,  

140)  and  f o r   g e n e r a t i n g   and  t r a n s m i t t i n g   a  f i r s t   d a t a  

m e s s a g e   o v e r   t he   c o m m u n i c a t i o n   c i r c u i t s   to  t h e   s e c o n d  

o p e r a t o r   a s s i s t a n c e   s y s t e m ;  

the   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   c o m p r i s i n g :  

a  p r o c e s s o r   ( 1 5 1 )   f o r   e s t a b l i s h i n g   a  c o n n e c t i o n  

b e t w e e n   the   c o m m u n i c a t i o n   c i r c u i t s   ( 1 2 5 ,   1 2 6 , 1 4 0 )   and  t h e  

o p e r a t o r   p o s i t i o n   ( 1 6 0 )   of  t he   s e c o n d   o p e r a t o r   a s s i s t a n c e  

s y s t e m   in  r e s p o n s e   to  t he   f i r s t   d a t a   m e s s a g e ,  



t h e   o p e r a t o r   p o s i t i o n   ( 1 6 0 )   of  t he   s e c o n d   o p e r a t o r  

a s s i s t a n c e   s y s t e m   r e s p o n s i v e   to  d a t a   k e y e d   by  an  o p e r a t o r  

to  g e n e r a t e   r e s p o n s e   d a t a   s i g n a l s   r e l a t i n g   to   t h e   o p e r a t o r  

a s s i s t a n c e   r e q u e s t ;  

t h e   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   f u r t h e r  

c o m p r i s i n g :  

m e a n s   f o r   t r a n s m i t t i n g   s e c o n d   d a t a   m e s s a g e s ,  

r e p r e s e n t i n g   t he   r e s p o n s e   d a t a   s i g n a l s ,   to  t he   f i r s t  

o p e r a t o r   a s s i s t a n c e   s y s t e m   o v e r   t h e   c o m m u n i c a t i o n   c i r c u i t s  

( 1 2 5 ,   1 2 6 ) ;   a n d  

t h e   f i r s t   o p e r a t o r   a s s i s t a n c e   s y s t e m   f u r t h e r  

c o m p r i s i n g :  

m e a n s ,   r e s p o n s i v e   to  t he   s e c o n d   d a t a   m e s s a g e s ,   f o r  

e s t a b l i s h i n g   a  c o n n e c t i o n   b e t w e e n   t he   one  of  t h e   p l u r a l i t y  

of   l i n e s   or  t r u n k s   ( 1 2 0 ,   121)  and  a  s e l e c t e d   o t h e r   one  o f  

t h e   p l u r a l i t y   of  l i n e s   or   t r u n k s   ( 1 3 0 ,   1 3 1 ) .  

4.  A  c o m m u n i c a t i o n   n e t w o r k   in  a c c o r d a n c e   w i t h  

c l a i m   3 

CHARACTERIZED  IN  THAT 

t h e   p r o c e s s o r   ( 1 0 1 )   c o m p r i s e s :  

a  memory  ( 1 0 3 )   f o r   s t o r i n g   a  f l a g   i n d i c a t o r ,   t h e  

f l a g   i n d i c a t o r   is   r e s e t   when  t h e   f i r s t   i n d i c a t i o n   i s  

g e n e r a t e d ,   and  t he   f l a g   i n d i c a t o r   is   s e t   when  t he   s e c o n d  

i n d i c a t i o n   i s   g e n e r a t e d .  

5.  A  c o m m u n i c a t i o n   n e t w o r k   in  a c c o r d a n c e   w i t h  

c l a i m   4 

CHARACTERIZED  IN  THAT 

t h e   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   t r a n s m i t s  

t h i r d   d a t a   m e s s a g e s   to   t h e   f i r s t   o p e r a t o r   a s s i s t a n c e  

s y s t e m ;   a n d  

t h e   p r o c e s s o r   ( 1 0 1 )   of  t he   f i r s t   o p e r a t o r  

a s s i s t a n c e   s y s t e m   in  r e s p o n s e   to  t h e   t h i r d   d a t a   m e s s a g e  

s e t s   and  r e s e t s   t h e   f l a g .  

6.  A  c o m m u n i c a t i o n   n e t w o r k   in  a c c o r d a n c e   w i t h  

c l a i m   5 

CHARACTERIZED  IN  THAT 

t h e   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   c a l c u l a t e s  



t r a f f i c   d a t a   r e p r e s e n t i n g   the   a m o u n t   of  o p e r a t o r   r e q u e s t  

t r a f f i c   w h i c h   can  be  a c c e p t e d   in  t he   s e c o n d   o p e r a t o r  

a s s i s t a n c e   s y s t e m ;   a n d  

t he   t h i r d   d a t a   m e s s a g e s   c o r p r i s e s   t he   t r a f f i c  

c o n t r o l   d a t a ;  

t h e   p r o c e s s o r   (101)   of  t h e   f i r s t   o p e r a t o r  

a s s i s t a n c e   s y s t e m   in  r e s p o n s e   to  the  t r a f f i c   c o n t r o l   d a t a  

r e c e i v e d   in  t h e   t h i r d   d a t a   m e s s a g e   a d j u s t s   t h e   g e n e r a t i o n  

of  t h e   f i r s t   and  s e c o n d   i n d i c a t i o n s -  

7.  A  c o m m u n i c a t i o n   n e t w o r k   in  a c c o r d a n c e   w i t h  

c l a i m   6 

CHARACTERIZED  IN  THAT 

the   p r o c e s s o r   (101)   of  t he   f i r s t   o p e r a t o r  
a s s i s t a n c e   s y s t e m   d e t e c t s   the   l e v e l   of  u n s e r v e d   o p e r a t o r  

a s s i s t a n c e   r e q u e s t s   and  g e n e r a t e s   a rd   t r a n s m i t s   r e q u e s t  

d a t a   m e s s a g e s   o v e r   t h e   c o m m u n i c a t i o n   c i r c u i t s   to  t h e   s e c o n d  

o p e r a t o r   a s s i s t a n c e   s y s t e m   in  r e s p o n s e   to  t he   d e t e c t i o n   o f  

a  l e v e l   of  u n s e r v e d   o p e r a t o r   a s s i s t a n c e   r e q u e s t s   a b o v e   a  

t h r e s h o l d ;   a n d  

t he   s e c o n d   o p e r a t o r   a s s i s t a n c e   s y s t e m   i s  

r e s p o n s i v e   to  t h e   r e c e p t i o n   of  t h e   t r a n s f e r   r e q u e s t   d a t a  

m e s s a g e s .  
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